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This thesis comprises of five chapters. In the first 
chapter; a detailed and upto date literature of the subject 
has been reviewed. Extensive research and studies on 
inorganic ion-exchange materials have been carried out 
during the last three decades owing to their admirable 
contribution in the field of nuclear energy, hydrometallurgy 
of rare-earths preparation of high purity materials, water 
purification etc. As they are more resistant towards heat 
and radiation as compared to organic ion-exchangers, thus 
inspiring scientists to synthesize new highly selective ion-
exchange materials, which are mechanically more stable, 
resistant to chemicals and temperature degradation. Ion-
exchangers have occupied firm position in controlling the 
pollution, specifically removal of pollutants such as heavy 
metals, phenols and pestisides and insectisides in water 
streams and in industrial effluents. 
The two component ion-exchangers have been widely 
studied due to their simple method of preparation, elucida-
tion of structure etc. However, the ion-exchange capacities 
have been found low. More developed ion-exchangers, showing 
high ion-exchange capacity, incorporated with different 
functional groups have been a breakthrough in the field of 
ion-exchangers. The ion-exchange sites (H /OH exchangeable 
ions) and coordination sites make them more superior, selec-
tive and sensitive to many metal ions. 
The second chapter describes the preparation and 
characterization of iron(III) ethylenediamine exchanger. 
Various samples have been prepared by mixing anhydrous O.lM 
ferric chloride and O.lM ethylenediamine in different ratio 
(v/v). Sample FA, has been studied in detail due to its 
maximum ion-exchange capacity and chemical stability. Its 
characterization has been done on the basis of chemical 
composition TGA, DTA, IR analysis and following formula has 
been suggested 
{FeOOH)g{En). nH20 
Studies on distribution coeffecients of a large 
number of anions and cations have been done. On the basis 
of Kd values PO. has been separated from CI , Br and I . 
2+ 3+ 2+ Metal ions; Hg , Cr and Pb are found selective and 
therefore separated from numerous metal ions. 
In third chapter a new ion-exchanger Zr(IV) 4-aiiiinc, 
3-hydroxynaphthaline sulphonate (ZA.) has been prepared. 
Its anion and cation exchange opacities are found to be 0.38 
meq CI /gm and 0.16 meq H /g respectively. This ion-exchange 
material is characterized on the basis of IR, TGA and DTA. 
Distribution Coeffecient studies for anions have been 
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carried out in different solvent systems. The anions PO^ > 
Fe(CN)g > MnO. show high Kd values. Distribution 
coeffecients of metal ions suggest its high selectivity 
2+ 2+ 2+ 3+ 
towards Hg / therefore Hg is separated from Zn , Al , 
„, 2+ ^4+ „ 2+ „, 2+ „ 2+ „ 2+ Ni , Ce , Mg , Pb , Mn , Cu 
In fourth chapter preparation and characterization of 
zirconium( rv) piperidine-thioglycolate (ZTP) has been 
described. Various samples of exchanger have been prepared 
and compared with zirconium piperidine ion-exchanger. 
Sample ZTP 222 has been selected for further studies due to 
its higher capacity and stability. Sorption behaviour of 
material for various metal ions have been studied. The 
presence of S-H group makes the exchanger to act as electron 
exchanger whose capacity is found 5.85 meq/gm with respect 
to reduction of MnO. ions. 
On the basis of chemical composition, TGA, DTA and IR 
studies a tentative formula has been suggested. 
The distribution coeffecient for a number of metal 
ions have been estimated and some analytically important 
separations have been achieved. 
The last: chapter describes some interesting applica-
tions of freshly prepared gel impregnated paper/cotton plug 
and then sorbed with appropriate dye to be used as indicator, 
in different volumetric analysis which are given below: 
(I) Acid base titration -
(a) Simultaneous determination of strong acid and 
weak acid in the given mixture. 
(b) Simultaneous determination of strong base and 
weak base in the given mixture. 
(II) Precipitation titration -
In this class of titration simultaneous determina-
tions of Cl~ and F~, Br~ and F , I and F~ have been 
done using eosin sorbed zirconium phosphate (ZrP) 
impregnated paper and chromazurol-S/EBT sorbed ZrP 
impregnated paper/cotton plug. 
(III) Chelometric titrations -
3+ 2+ 3+ Sxmultaneous determination of Fe and Mg , Fe and 
2+ 3+ 2+ Ca , Al and Mg has been achieved using chroma-
2urol-S dye sorbed ZrP impregnated cotton plug for Fe 
and Al and eriochrome black-T sorbed ZrP gel impreg-
2+ 2+ 
nated cotton plug used as indicator for Ca and Mg •• 
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CHAPTER - I 
INTRODUCTION 
Analytical Chemistry is basically the determination 
of the chemical composition of substances. Until recent 
years this was, practically speaking the sole aim of the 
analytical chemist. Today, however, the field is being 
extended to cover to a considerable degree the elucidation 
of the structural configuration of substances. It remains 
nevertheless a fact that in its truest sense. Analytical 
chemistry is the chemistry of identification & separation of 
substances- the resolution of substances into their compo-
nents and their subsequent determination. 
Analytical chemistry consists principally of two 
major divisions- qualitative analysis, which deals with the 
problem of'Vhat is"in a substance, and quantitative analysis 
which handles the problem of "Amount" of each constituent 
present in a substance. However, separation of substances 
prior to determination is the most important step in solving 
the problems of analytical chemistry. The development of 
modern analytical techniques of separation for the identifi-
cation and determination have made easier for the researchers 
to solve the problem. Few accomplishments are; the reduc-
9 
tion of impurities m germanium to 10 atoms per mole, the 
separation of the rare earth metals and complex mixtures of 
amino acids, the isolation and identification of some 10 to 
40 atoms of a Transuranium element, the separation of 
various isotopes of an element and the various isomers of a 
complicated compound, the isolation & determination of some 
20 hydrocarbons from milligram-sized samples. These are 
fabuloUs accomplishments which emphasize the importance of 
separation techniques to modern technology. Other more 
challenging separation problems are constantly arising to 
take the place of those solved. Besides chemical methods 
other separation techniques (Table 1.1) such as distillation 
precipitation, sublimation and crystallization have been 
commonly used in earlier days. However, chromatographic 
methods of analysis have been extensively used in separating 
many challenging and complicated mixtures into their compo-
nents which are found impossible by other separation techni-
ques. The choice of separation tool is usually governed by 
the size of sample available, the simplicity and selectivity 
of the method, the degree of resolution required and the 
general applicability of the procedure. However, it has 
found that one can solve difficult separation problem by 
using only one technique, that is, chromatography, instead 
of taking help of more than one methods of separation. 
In the beginning the chromatographic procedure, deve-
loped by Tswett in 1903 (1), was entirely based upon the 
differential adsorption of different constituents on the 
surface of adsorbent. However, in later stages the chroma-
TABLE - 1.1 
METHODS OF SEPARATION 
S.No. METHOD BASIS 
1. : : 
2. 
3. 
4. 
5. _ 
6. 
7. 
8. 
9. 
10. 
11. 
': : Precipitation 
Distillation 
Extraction 
Sublimation 
Crystallization 
Zone refining 
Flotation 
Ultra filtration 
Dialysis 
Electrodeposition 
Adsorption column 
chromatography 
12. Partition column 
chromatography 
13. Ion-exchange 
chromatography 
Difference in solubility 
Difference in vapour pressure 
Difference in solubility in 
two phases 
Difference in volatility 
Property of solubility usually 
at lower temperature 
Crystallization usually at 
elevated temperature 
Differences in density between 
substance and liquid 
Size of substance in comparison 
to filtering device 
Osmosis; flow of system through 
membrane 
Electrolysis at inert electrode 
Chromatographic methods 
Distribution of solute between 
a solid and liquid phase in a 
column 
Distribution of a solute bet-
ween two liquids on a column 
Exchange of ions in a column 
tographic methods developed time to time, classified on the 
basis of mobile phase, stationary phase or the type of 
sorbent used (Table 1.1). 
Ion-exchange chromatography involves the exchange of 
ions of similar charges as the basis of separation. Many 
difficult and tedious separation which are found impossible 
by other techniques, made possible by using this technique. 
Pertinent examples are the separation of amino acids, rare 
earths and transuranium elements. 
In column operation techniques whether it is disti-
llation, solvent extraction or any chromatographic* method, 
concept of "Height equivalent to a theoretical plate"(HETP) 
is introduced, which gives the idea about the efficiency of 
the chromatographic column. In Gas Chromatography this 
concept is very important. In Ion-exchange chromatography, 
where ion exchange beads act as sorbents, the idea of 
differential migration of different components of a mixture 
towards the sorbent is more meaningful and hence the term 
"selective sequence" is introduced; that is a competing 
species is more selective than the other and hence the rate 
of migration determines whether a particular mixture can be 
resolved or not. The applications of ion-exchange chroma-
tography has been made on the basis of the following basics; 
(a) characteristic property of ion exchange resin such as 
crosslinking and pore size etc., (b) ionic charge differen-
ces, (c) ion-exchange selectivity, (d) specific adsorption 
(e) Donnan potential, (f) "salting in" "salting out" effect. 
Phenomenon of ion-exchange first observed by an 
English Agriculturist, Thompson nearly 150 years ago (2), 
But he communicatedhis findings to Way (3) , a consulting 
Chemist of Royal Agricultural Society, who explained this 
phenomenon in soil by ion exchange process. The mechanism 
is as follows: 
Ca - Soil + (NH^)2S0^ :;  ^ (NH^)2-Soil + CaSO 
The first attempt to employ ion exchange process for 
commercial purpose has been made by Harm (4), who success-
fully removed sodium and potassium ions from sugar beat 
juice by utilizing a naturally occuring cation exchange 
silicate material. Natural ion exchange minerals are crys-
talline aluminosilicates with ion exchange property. Charac-
teristic representatives of this group of material are the 
zeolites which include among others the minerals chabazite 
(Ca, Na) tSi2A10g]2-6H20, analcite Na2[Si2A10g].H2O, 
natrolite Na_[Si_Al 0,Q].2H2O. The zeolites are build up of 
AlO. and SiO. tetrahedra which have their oxygen atoms in 
common. These tetrahedra grouping share their corners, edges 
and faces to give a condensed structure. 
Zeolites may exist as fibrous, lamellar or rigid three 
dimensional structures. The zeolites with three dimensional 
structures have been extensively studied by Barrer (5). 
Since aluminium is trivalent, the lattice carries a negative 
electric charge (one elementary charge per aluminium atom). 
This is balanced by alkali or alkaline earth cations. These 
ions act as counter ions and can be replaced by other 
cations (6-11). The zeolites are relatively soft minerals 
and thus not very abrasion resistant. Their frameworks are 
less open (pore width about 3 to 9A° ) and more rigid than 
those of most other ion-exchangers. Therefore, they swell 
very little, and the counterions in their pores are not very 
mobile. Perhaps the most interesting property of the 
zeolites is their small and strictly uniform pore size which 
gives rise to a pronounced "sieve action" on a molecular 
scale. Large cations (such as quaternary ammonium ions with 
bulky substituents (11, 12) and large non electrolyte 
molecules (10,13,14) can not be accommodated whereas smaller 
species can be exchanged or sorbed. Even inorganic cations^ 
such as Cs , are partially or completely excluded by several 
zeolites (6,9,10). 
Harms and Rumpler (15) first synthesized aluminium 
based ion-exchanger in 1903. Large scale industrial produc-
tion and their application was developed by Cans (16). The 
first industrial product applicable for technical purposes 
is sodium permutite, which is synthesized by fusing a mixture 
of clay minerals and alkalies. Synthetic alurainosilicate 
cation exchangers have been prepared by fusion and precipi-
tation method. These are superior to the other materials in 
their chemical & mechanical stability, ion-exchange capacity 
and ion exchange rate. Synthetic ion-exchangers have a 
higher thermal stability and resistance to radiation. Folin 
and Bell (17) made the first application of synthetic 
zeolite for the collection & separation of ammonia from 
urine. Gans (16) synthesized sodium aluminosilicate, 
Na2Al2Si20-LQ , for the large scale application in water 
softening and sugar treatment. 
Organic ion exchangers were recognised after an 
interesting discovery of Adams and Holms in 1935 (18). They 
found that crushed phonograph records exhibit ion exchange 
properties. This led the commercial production of organic 
ion exchange resins by Holms and Farbenindustrie. 
Modern era in ion exchange technology began in 1944 
when D'AleUo of the German Electric Company's Pittsfield 
laboratories synthesized resins from polystyrene (19). These 
resins were the forerunners of the currently available poly-
styrene resins which, compared to the earlier resins, 
possess greatly improved capacity and chemical and mechani-
cal stability. Various improvements were made in these 
resins. A typical resin is prepared by the polymerization 
of styrene and divinyl-benzene. Cross linking is governed 
by divinyl benzene to styrene ratio. A representative of 
strong cation exchange resin is DoweK—-50 Wx8. manufactured 
by Dow Chemical Co. Midland, U.S.A. Copolymerization of 
methacrylic acid with divinyl benzene results in a weak 
cation exchange resin of lesser acid strength and high 
capacity. Chloromethylation and ammination produce strongly 
basic quaternary ammonium type anion exchange resins. Their 
structure can be varied as desired. An increase in cross-
linking increases the rigidity, reduces swelling and solu-
bility of polymeric structure. Organic resins have been 
used in laboratories and industries for separations, re-
coveries of metals, purification of water, c:oncentration of 
electrolytes and elucidation of the mechanism of many 
reactions. 
Organic ion exchangers also suffer from certain 
limitations. They are unstable in aqueous system at high 
temperatures and in the presence of ionizing radiations. 
This led to a revived interest in inorganic ion exchangers. 
Inorganic ion exchangers are unaffected by ionizing radia-
tions and considerably temperature resistant. This makes 
them suitable for use in reactor technology. Their rigid 
structure makes them more suitable for separation of ions on 
the basis of different pore sizes. They can also be used as 
ionic or molecular sieves. High selectivity and temperature 
resistance offer them an advantage for use as ion exchange 
membranes. Their selectivity has also been utilized for the 
preparation of ion selective electrodes which has now become 
an important tool for solving various analytical problems. 
Basic principles underlying all ion exchange applica-
tions are based on a few simple facts involving the exchange 
reactions, 
1. Equivalence of exchange 
2. Selectivity or affinity preferences of the 
exchanger for one ion relative to another, 
including cases in which the different affinities 
of the ions are modified by the use of complexing 
or chelating agents. 
3. Donnan exclusion- the ability of the ion exchange 
material to exclude ions but not, in general, undissociated 
substances. 
4. Migration rates of absorbed substance's down a 
column primarily a reflection of differences in 
affinity. 
5. Ionic mobility restricted to the exchangeable ions, 
counter ions only. 
6. Miscellaneous- swelling, surface area and other 
mechanical properties. 
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Further extensive research and studies on inorganic 
ion exchange sorbents have been carried out during the last 
three decades owing to their admirable contribution in the 
field where organic exchangers fail to give better 
performances such as in nuclear energy, hydrometallurgy of 
rare earth elements etc. The work upto 1963 has been summed 
up by Amphlett (20) in his monograph "Inorganic Ion 
Exchangers" and compiled in a concise and lucid way. 
Further developments have been carried out by several scien-
tists in the field of inorganic ion exchangers. The pioneer 
workers who contributed in this field are Pekarek and 
Vesley (21), Clearfield (22,23),Alberti (24,25) Walton (26-
29), Volkhim (30),Gill (31),Qureshi and coworkers (32). 
The classification of inorganic ion-exchange 
materials on the basis of the chemical characteristics of 
ion-exchange species, as proposed by Vesley (21) is as 
follows-
(1) Hydrous oxides 
(2) Acidic salts of multivalent metals 
(3) Salts of heteropoly acids 
(4) Insoluble ferrocyanides 
(5) Alumino silicates 
(6) Certain other substances (e.g.synthetic apatites, 
sulfides, alkaline earth sulfates). 
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A large number of scientific papers projecting 
structural properties of ion exchangers and their analyti-
cal applications have been published. A wide range of 
observations on ion exchange sorption by hydrous oxides can 
be interpreted on the basis of reversible ion exchange 
equilibria, although it is not always clear from the early 
work whether sorption involves the bulk of the solid or only 
the surface. Freshly precipitated trivalent metal oxides 
are very effective in. this respect, e.g. hydrous ferric 
oxide & ferric hydroxide readily absorb alkaline earth 
cations according to the law of mass action (33, 34), other 
bivalent cations (35) being absorbed above pH 7. 
The adsorption properties of hydrous oxide, such as 
alumina, silica and ferric oxide have been known for many 
years and it has been established that the adsorption of 
ions by them is presumably by ion-exchange. They can act as 
cation and anion-excfliangers simultaneously under certain 
conditions. These substances are mostly amphoteric and 
their dissociation may be schematically represented as 
follows: 
M - OH z ^ M"*" + OH" ...(a) 
M - OH 5 = ^ M0~ + H"*" ...(b) 
( M represents central atom) 
12 
Scheme (a) is favoured by acid conditions, when the 
substance can function as an anion exchanger, the scheme (b) 
by alkaline conditions when the substance can function as a 
cation-exchanger. Near the isoelectric point of the oxide 
(65) dissociation according to both scheme can take place 
and both type of exchange may occur simultaneously. 
Hydrous BeO of composition BeO 1.7 H„0 acts both as 
cation and anion exchanger (37,38) with the selectivity for 
alkali metal cations following the order of decreasing ionic 
radii of the unhydrated ions (38). Magnesium hydroxide 
exhibits anion exchange properties (37). The mixture of 
2+ 3+ . 35 32 
Zn and Al oxides was employed for S and P deconta-
mination from waste solutions (39). The tervalent metal 
hydroxides are still extensively studied, even though their 
sorption & separation properties are well known. The 
sorption properties of pseudomorphic iron hydroxide were 
studied with respect to its isoelectric point, which was 
found at pH 7.1-7.2 (40). The adsorption of phosphates 
(41-43), sulphates (39) and chlorides (37) on ferric oxide in 
the form of sol,, gel or ignited and crystalline samples was 
studied at different pH values. Hydrous Fe-jO, was success-
fully applied for the decontamination of waste water from 
^^S, -^ P^ (39,44), ^°Su(NO)^^ (45), "'•^ •'•l" (46,46) and for 
99 99m 132 132 
daughter s epa ra t i on of Mo- Tc and Te- I mixtures 
( 4 0 ) . 
13 
The hydrous oxides of quadrivalent metals such as Si02 
SnOp, TiO„, ThO„, ZrO» and MnO^ may behave either as cation 
or anion exchangers, depending upon the basicity of the 
central metal atom and the strength of the M-0 bond relative 
to that of the 0-H bond in the hydroxyl group. Sorption of 
bivalent cations on different SiO- preparations has been 
examined (48-51). Hydrous thorium oxide (52,53) and titanium 
oxide ( 53) have been prepared by mixing thorium nitrate and 
titanium chloride with alkali respectively. Hydrous zirco-
nium oxide is usually prepared by mixing zirconium salt 
solution with alkalies (54). Hydrous zirconium oxide 
behaves both as cation and anion exchangers (55,56) with the 
zero point charge at pH-6.05 (56). 
A wide range of acidic salts of multivalent metals 
has been described as ion exchangers. Among the metals 
studied have been zirconium, thorium, titanium, cerium(IV), 
tin(IV), aluminium, iron(III), chromium(III), Uranium(VI) 
etc. and the anions employed include phosphate / arsenate, 
antimonate, vanadate^molybdate, tungstate, tellurate, sili-
cate, oxalate etc. 
A detailed account of such kind of two component ion 
exchangers has been summarized in Table-1.2. The acidic 
salts of quadrivalent metals have been the most intensively 
studied group of synthetic inorganic ion exchangers. This 
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group of compounds consists of metals of IVA,IVB&V groups. A 
number of comprehensive reviews on various aspects of 
properties and behaviour of these compounds- have been 
published recently (57, 58) including materials aspects(59), 
ion exchange (60), catalysis (61) and membranes (62,63) and 
their application in chemical analysis (64). They are 
usually layered structure of OC-type e.g. 06-titanium arsenate 
OC-titanium phosphate, (X-zirconium phosphate. The earlier 
studies on zirconium phosphates are mostly concerned with 
amorphous materials (20,65-67). 
The preparation of gelatinous amorphous gel is 
carried out by mixing zirconium salt solutions with phospho-
ric acid at room temperature. According to the preparation 
condition materials with P/Zr ratios of 0.5-2.1 are formed 
(22,68-74) while the thermal treatment of amorphous 
materials with phosphoric acid (75-77) or refluxing them 
with 2.5 M phosphoric acid (20,22,76-79) leads to the 
formation of semi crystalline and crystalline forms respec-
tively. Zirconium bis monohydrophosphate ( OC-ZrP), was 
prepared by refluxing the amorphous gel in 10 to 15 M 
phosphoric acid the structure is layered and the compound is 
monoclinic with unit cell dimensions of a=9.076, b=5.298, 
c= 16.22A° and fi = 111.5° with formula Zr(HPO^)2.2H2O (78 -
82). A simplified schematic diagram illustrating the 
essential feature of OC-ZrP, proposed by Clearfield, and 
Stynes (78), is given in fig 1.1. Each layer can be 
26 
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regarded as a two dimensionally infinite complex molecule, 
which consists of a sheet of roughly coplanar zirconium atom 
sandwiched between the two sheets of monohydrogen phosphate 
groups. Each zirconium atom is co-ordinated octahedrally to 
6-oxygen atoms. Each of these 6 oxygen atom belongs to one 
of six different monohydrogen phosphate group. The forces 
between the layers are very weak long hydrogen bonds or Van 
der Waals forces. The sequence of packing is such that 
neighbouring monohydrogen phosphate groups from adjacent 
layers are staggered and do not lie directly opposite to one 
another. This packing sequence creates zeolytic cavities in 
the inter-layer region. One of these cavities is indicated 
by the dashed circles in fig. 1.1. The interlayer separation 
in the oC-ZrP structure is 7.6A°. The two layers of OC-ZrP 
are schematically represented in fig. 1.2(a) . Clearfield 
proposed that structure of ^-ZrP and y-ZrP are also layered 
as represented in fig. 1.3, and they contain larger inter-
layer spacing than OCZrP, but the atoms in their layers lie 
directly over one another [Fig. 1.2(b)]. The /3 and Y-phases 
corresponding to Zr(HP0.)2 and Zr(HPO .)-•2H2O respectively, 
are prepared by refluxing the solutions of ZrOCl^ with 
NaH-PO. in 3M hydrochloric acid. Drying over anhydrous 
CaSO. leads to the formation of jS-zirconium phosphate air 
dried product corresponds to y -zirconium phosphate (83). 
These sorbents can absorb cations with larger dimensions, 
such as Cs . 
28 
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In addition to the materials mentioned so far, a 
number of other types of exchangers have been developed e.g. 
electron exchangers and redox ion exchangers. Electron 
exchangers are solid oxidizing and reducing agents. Electron 
exchangers may or may not be ion-exchangers while redox ion 
exchangers are conventional ion exchangers into which rever-
2+ 3+ 
sible oxidation-reduction couples such as Cu /Cu , Fe / 
2+ Fe , methylene blue/leukomethylene blue, etc. have been 
introduced (239,265,266). The oxidation-reduction couples 
are held in the resin either as counter ions or by sorption 
or complex formation. Duolite S-10 is a commercial redox 
resin containing complexed cupric ions. 
Electron exchangers and redox exchangers behave in a 
way similar to the (soluble) oxidation-reduction couples to 
which they owe their reactivity. The redox potential of a 
couple is not significantly changed by incorporation of the 
couple into an exchanger (267,268). The most important 
difference between the soluble couples and the redox or 
electron exchanger is that latter are solid agents and thus 
are readily separated from the solution with which they have 
reacted. No contamination of the solution by these exchan-
gers occur as only electrons and protons are transferred between 
the exchanger and solution phases. Another advantage of 
electron exchanger over soluble redox couples is that they 
can be easily regenerated after use by a suitable reducing 
31 
or oxidizing agent. 
Redox ion exchanger and electron ion exchangers are 
characterized by their redox capacity, redox potential and 
rate of the reaction. The redox capacity is the amount of a 
substrate being oxidized or reduced by a specified amount of 
the exchanger and is expressed in terms of the milli-equiva-
lents per gram of dry exchanger. The reaction rate determines 
the time required for the redox process under a given set of 
conditions. The standard redox potential indicates, which 
substrates can be reduced or oxidized. Redox_^  potentials of 
electron exchangers can not be measured directly since the 
resin is unable to exchange electrons directly with the 
platinum electrode. Instead, the redox potential of a 
dissolved couple which is in equilibrium with the resin can 
be measured. This potential is given as the redox potential 
of the electron excahnger; thus the standard redox potential 
of an electron exchanger is the redox potential of a 
dissolved couple which is in equilibrium with the exchanger 
when half of the reactive groups of the latter are oxidized 
and the other half reduced. Some electron and redox exchan-
gers and redox couples with their standard redox potentials 
are summarized in Table 1.3. In its reduced form, the 
electron exchanger can reduce all couples which have a 
higher standard potential, and its oxidized form can oxidize 
all couples which have a lower standard potential. Reduc-
TABLE - 1.3 
SOME IMPORTANT REDOX ION EXCHANGERS 
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No, Name of Redox exchanger 
1. Polymers of chlorophyll and haemin -
2. Polystyrene based redox resin 
3. Phosphotric acid type redox resin 
4. Tetrachlorohydroquinone 
5. p-benzoquinone melomine copolymer 
6. ZeoUtic aluminosilicate 
7. Zirconium phosphoiodate 
8. Hydrozine sulphate sorbed zinc 
silicate 
9. Tetrachloroquinone-
10. Phosphomolybdovanadic acid 
11. Zirconium molybdovanadate 
12. Alkali and nickle ferrocyanide 
13. Phosphotungstovanadic acid 
14. Active carbon 
15. Zirconium peroxide metatungstate 
16. Polymers and copolymers of Vinyl-
hydroquinone 
17. Leucomethylene blue, ferrocene-
polystyrene resin 
18. Ring opened norbornene derivative 
containing ferrocene or pheno-
thiazine 
Capacity 
meq/g 
-
-
-
4.00 
-
-
-
-
0.318 
0.520 
-
-
-
-
-
_ 
Reference 
269,270 
271 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
- 281 
282 
283 
284 
285 
286 
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tive regQneration requires a reducing agent with lower 
standard potential, oxidative regeneration-^ an oxidizing 
agent with higher standard potential. Redox potentials are 
pH dependent if the electrode reactions involve H or oH 
ions. 
Apart from these materials mixed salts or three 
component ion exchangers have taken their important place 
owing to their more thermal or chemical stability, higher 
selctivity (287) and higher capacity (288-290) compared to 
two component ion exchangers (291-292). A review on three 
component ion exchangers has been presented in Table 1.4. 
In three component ion excahngers the parent acid belongs to 
the class of 12 heteropoly acids having the general formula 
H^XY^-O.QX H „ 0 where X may be phosphorous, arsenic, silicon, 
germanium and Y different elements such as molybdenum, 
tungsten and vanadium. Much of subsequent investigations of 
the ion exchange properties of these salts have been carried 
out by Smit and Robb (293). 
In recent years pillaring of layered structures have 
been achieved by intercalation.? hosphates and phosphsnates of 
metals constitute a large family of compounds with a variety 
of structures (fibrous, layered, skeleton) and different 
functionalities. The ion-exchange and intercalation beha-
viour mainly of CX/-ZrP was reported by Costantino and Vivani 
(346) . 
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Progress in the intercalation chemistry of OC-ZrP has 
led to the preparation of numerous new intercalated products. 
Intercalated 06-ZrP with aliazoles and diazines (347) and 
with aminoalcohols were found to have a proton conductivity 
higher than Ofr-ZrP. The intercalation compound with tetra-
methyl benzene contains 0.35 mol of guest per mol of Zr, 
arranged as a monolayer of molecules tilted at an angle of 
60° with respect to the layer plane as explained earlier. 
Two different strategies are currently followed to 
obtain microporous solids for molecular sieving and shape 
selective catalysis based on zirconium phosphates and phos-
phonates. According to the 'first one material similar to 
the pillared clays can be prepared by intercalation of 
suitable large cation or organic molecules (that act as 
pillars) between the layers of zirconium phosphate or its 
derivatives. In case of clays one may adjust the pore size 
by varying the size of the pillar and/or the spacing between 
them. Another view point was put forward that during the 
preparation of zirconium diphosphonates ZrR(PO^)_, the R 
group link adjacent to a-layers and act as pillars (348). 
It was found that some zirconium phosphonates might be 
obtained as mesoporous solids with high surface area (300-
2 
500 m /g) and a narrow distribution of mesopores in the 
o 
range 20-40 A (349). The interlayer distances of function-
alized a-zirconium phosphate and diimLne intercalates of y-
41 
TABLE - 1.5 
FORMULAE AND INTERLAYER DISTANCE OF 
FUNCTIONAL I ZEDa-ZIRCONIUM PHOSPHATES 
Compounds Interlayer distance(A°) 
Zr(HOCH2P02)2H2P 
Zr(H00CCH2P02)2 
Zr(H00CCH2)3PO2)2 
Zr(NO NH2CH2CH2P02)22H20 
Zr(H2NHOOC.CHCH2PO2)2 
Zr(HOP03)o g7(HP03)i 33.5H2O 
Zr(HOOCCH2CH2P03)(HOPO3).2H2O 
Zr(HOP03)^^^(CgH5P03)9.H20 
1 0 . 1 
1 1 . 1 
1 8 . 8 
1 4 . 6 
1 4 . 4 
1 2 . 9 
1 0 . 2 
2 4 . 8 
TABLE - 1 . 6 
INTERCALATION OF Ot-DIIMINE IN Y - Z r P 
-Diimine Reaction 
temp. 
Contact 
time 
n 
Interlayer 
distance 
phen 
bpy 
terpy 
50 
25 
50 
48 
48 
48 
17.40 
13.71 
14.89 
.34 
.18 
.15 
1.15 
.52 
.96 
X and Y denote the moles of OC-diimine and hydration water 
in formulaunit of V-ZrP, Phen - 1.10 phenanthroline, 
bpy - 2,2' hipyridine,terpy- terpyridine. 
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zirconium phosphate are summarized in Table 1.5 & 1.6. 
Intercalation of pyridine derivatives such as pyri-
dine and 4-vinyl pyridine (4.VP) into lithium rectorite 
(clay) have been carried out (350) without a cation exchange 
process. Formation of hydrogen bond with interlayer water 
and coordination bond to interlayer lithium cation are the 
main processes for these intercalation. The degree of 
involvement of both the processes depends upon- proton 
affinities (PAs) of guest compounds. 
In an attempt (351) to prepare new type of host 
materials for molecular recognizing catalysis, synthetic 
clay compounds were modified by the methods of ion exchange 
of simple or complex cations and chemical anchoring of metal 
complexes. These products were studied in terms of shape 
selective decomposition of alcohols and molecular 
recognizing hydrogenation of olefins. Thus new types of 
catalytic sites were prepared on the layer structures of 
clays by following methods: 
1. Ion-exchange with acidic metal cations to form 
interlayer acid sites. 
2. lon-Jexchange and reduction of metal complexes to 
for>m interlayer fine metal particles. 
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3 . :;ion-^exGhange-with:-large metal --complexes-to ---form 
immobilized molecular complex as c a t a l y t i c s i t e s . 
4 . Amina t ion of i n n e r s u r f a c e t o form c h e m i c a l l y 
anchored s t a b l e me ta l c o m p l e x e s . C a t a l y s t t e s t s 
Pd/HT-Al 1576.,^-' 
Pd/HT-AX IS72rm-' 
CBtt layer 
Fig.l-^Stnjcture Model of Chemicaily 
>inchored Pd-<:oriplex on LHT 
were carried out in a gas-solid and liquid-solid 
heterogeneous systems for the decomposition of C_-
C. alcohols and the hydrogenation of various 
acetylenes and defines. Chemically anchored Pd 
is schematically represented in fig.- 1.4. The 
effects of interlayer anchoring were more apparent 
on the catalysis of bulky defines between narrow 
clearance spaces. 
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The two dimensional spaces between the silicate sheets 
can accommodate neutral molecules such as water, alcohols, 
amines as well as various metal and complex cations by ion 
exchange (352). There is a continuing need to find new ion-
exchangers which are capable of treating radio active 
nuclear effluent (353) and to remove toxic substances from 
aqueous effluents. Hydrogen phosphates of tetravalent 
metals have been the subject of considerable study in recent 
years because of their ion-exchange and intercalation 
properties (354). It was also observed that Ot-intercalation 
of mono amines such as allyl amine or n-propyl amine into 
tin(IV) hydrogen' phosphate, oc-Sn(HPO . )2H20 (a-SnP), doubles 
the extraction capacity relative to the parent OC-SnP and 
ion-exchange reactions of the intercalates were rapid (355) 
as studied by Hudson and Workman. 
Another direction of development in the field of ion-
exchangers is loading with different substances and making 
it more selective towards a particular ion/ions such as 
sequential collection of selenium(IV) and selenium(VI) by 
the use of an anion-exchange resin loaded with bismuthol II, 
sulphonic acid (356). 
In another modification of anion exchange resin with 
thiols, sulfonates, derivatives of dithiozone and other 
thiols were immobilized firmly by an anion-exchange resin. 
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And these chelating agents were used in collecting and 
determining metal ions (357). Titanium diethanolamine was 
prepared by modification of hydrous titanium oxide (358). 
This material possessed a metal sorption capacity of 0.6 to 
0.9 mmoles/g and showed selective retention of certain metal 
ions. It has been found useful for analytical separation of 
Cd(Il) from Pd(II), Cu(II) and Hg(II); Th(IV), Mg(II) and 
Mn(II) from Fe(III). The sorption rates were also deter-
mined. In a review on chelate ion exchangers (359) past and 
future applications have been reported. 
Inorganic ion exchangers belonging to the class of 
metal oxides (Al, Zr, Zn, Cr, Ti & Si etc.) have been proved 
to be very useful. The surface of metal oxide is preferen-
tially terminated by hydroxyl groups for energetic reasons 
(360) and play important role as surface functional groups 
in catalysis, in the ion exchange and in the modification of 
surfaces.. These metal oxides contain hydroxyl groups of more 
or less acidic character and hydroxide ions of basic 
character. They show analogous behavior to the silica 
surface. Amide group will form on the surface when heat 
treated dehydroxylated oxides are reacted with ammonia (36), 
or alkoxy groups with alcohols (362-364) and so on. On the 
other hand, presence of basic hydroxyls leads to many 
reactions which are not observed with silica. Ion-exchange 
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adsorption on Bronsted acid sites and the hydrolytic adsorp-
tion of multivalent metal ions are also observed in metal 
oxides (375) which is not the case with silica. 
Modified metal oxides surfaces have been obtained by 
the replacement of surface hydroxyl groups by various mole-
cules such as chlorine (366,367), surface esters i.e. 
replacement of OH by OR (368-370) and by other organic 
molecules (371,372). These modified surfaces are used as a 
heterogeneous catalyst in some reactions or the other. Thus 
functionalized oxide surfaces are obtained by chemisorption 
or chemical reaction with wide variety of reagents. The 
groups which can be introduced after functionalization are 
-NH-, >NH, -SH, -C=N, -NHCQ-U^- N2Cl~ etc. surface 
modified materials of this type are of primary importance 
for the immobilization of complexes (373) and molecular 
clusters (374) and of enzymes (375). 
These modified/functionalized metal oxides surfaces are 
characterized and identified by several spectroscopic methods 
mainly (i) vibrational spectroscopic methods such as IR & 
13 Raman etc.&(ii) Optical spectroscopies (ESR, HNMR & C -NMR 
etc.) (376-380). 
Taking the advantage of acidic/basic sites of hydrous 
metal oxides, I have tried to synthesize few new type of 
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ion-exchangers in which a base (ionogenic group amine) is 
reacted with metal oxide. The adsorption of base on metal 
surface followed by a protonated amine, resulting from a 
shift of proton from acidic sites. The most important 
feature of these materials is that they act both as cationic 
and anionic ion exchangers. 
Ion-exchange materia]s have found a number of important 
analytical applications. The work on ion-exchangers is still 
going on to make it more applicable and useful to mankind. 
Uptill now ion-exchangers have found its application in, 
(a) Water pollution control, purification and water soften-
ing. 
(b) Removal of interfering ions 
(c) Oxidation and reduction of metals and as catalyst. 
(d) Separation of biologically important mixtures of orga-
nic substances and separation of compounds of same 
homologous series. 
(e) Recovery of precious metals. 
(f) Resin Spot Test for identification of different func-
tional groups and as indicators in titrations. 
(g) In gas chromatography, HPLC, electrophoresis and solid 
state separations. 
(h) Preparation of ion-selective electrodes. 
The most useful application of ion-exchangers is the 
purification of water. The water pollution has always been 
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a problem before the scientist and to solve it, ion-exchange 
technology found at top to remove toxic species from water. 
The removal of one or more interfering ions by replace-
ment with non-interfering ions is an obvious application of 
ion-exchangers. These are widely utilized to recover traces 
of useful elements from dilute solutions and for the isola-
tion and identification of uranium (386) and transuranium 
elements (381-385). For instance separation and electro 
deposition of radium-226 by Dowex -50 (387) and selective 
removal of radio strontium using polymerised product of 
catechol, 2,4-dihydroxy benzoin acid and gallic acid by 
alkaline polycondensation with formaldehyde (388). ' Zirco-
nium titanium phosphate has been prepared and used for the 
separation of rare-earths and seme other fission products 
from mineral acids (389-390). Zirconium arsenophosphate 
cation exchange column is used for the quantitative separa-
tion of uranium from some metal ions which interfere in its 
spectrophotometric determination using sodium diethyl dithio 
carbamate as a reagent (391). Separation of rare earths on 
commercial scale (392-397) are also obtained by ion-exchange 
technique. Separation of vanadium molybdenum and rhenium 
from each other can be achieved by poly (ethyleneamine) 
derived resin (398) and by condensation polymer of chloro-
methylated diphenyl sulfidformaldehyde with polyamine in 1:1 
ratio (399). So many important analytical separation of 
49 
metal ions using pharmaceutical substances, biological 
samples and environmental pollutants have been achieved on 
ion exchangers. 
Chelating ion-exchange resins are recommended for the 
recovery of heavy metal ions, for example, Cd, Cu, Hg, Pb 
and Zn as a part of toxicity fractionation procedure (400). 
Selective chelating resins containing iminodiacetic acid, 
thiol groups, strong and weak base functional groups for the 
recovery of Hg from waste water (401). Extraction of gold 
from cyanide solution is done by moderate base polyamine 
ion-exchange res-in (402). 
The versatility of ion-exchange method has been proved 
by its use in redox reactions. Several redox exchangers 
have been prepared and used in oxidation/reduction of metals 
and other compounds and as an electron transfer agents. For 
this purpose potentiometric behavior of several resins has 
been studied (403). 
Number of novel ion-selective electrodes have been 
prepared in which ion-exchange materials are impregnated 
into polymeric inert matrices which serve as ion selective 
membrane (404). Epoxy resin impregnated electrodes for 
thallium have been reported where a mixture of araldite and 
zinc molybdcphosphate is employed in one case (405), and 
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nitro-pyridine tungstoa.rsenate is used in the other (406). 
Molybdate (407-409), rare earth (410,411), zirconium (412, 
413), lead (414), ammonium (415) selective electrodes have 
been prepared by using inorganic ion exchangers. 
Another application of ion exchangers is the separation 
of organic and biologically important substances. The 
pertinent examples a;re the separation of complex mixture of 
amino acids (416-423), peptides (442,443), proteins (425), 
nucleic acid (426), carbohydrates and derivatives (427-431), 
alcohols (432-433), glycerols (434, 435) carbonyl compounds 
(436, 437), ethers (438), amines (439, 440) hydrocarbons 
(441) and phenols (444) on ion exchange column. 
Ion-exchangers are also useful in solid state separa-
tions and electrophoresis, such as, electrophoreticsepara-
tion and determination of uranium and platinum from several 
other metals using zirconium (IV) tungstate paper (445) & 
electrophoretic separation of anions using hydrous zirconium 
oxide impregnated paper (446). Several other separation of 
anions, cations and organic compounds have been successfully 
achieved using inorganic ion-exchanger impregnated paper for 
electrophoresis. 
Organic and inorganic ion exchange beads are also used 
as indicators in redox and precipitation titrations (447) and 
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in acid base titrations (448). Another aspect of their 
application is in detection of organic functional groups. 
Detection of aromatic and aliphatic amines (449) and simul-
taneous microgram detection of sulfur, chlorine,iodine and 
nitrogen in organic compounds have been successfully achie-
ved by ion-exchange methods (450). Sensitive and selective 
resin spot test has also been done for diphenyl amine 
(451). 
The use of various, novel inorganic ion-exchangers still 
commands attention but only few have been commercialized as 
absorbent in gas chromatography and HPLC. Among these are 
titanium oxide (452), titanium phosphate (453), titanium 
tungstophosphate (454), titanium selenite (455), hydrated 
stannic oxide (456), collidinium molybdoarsenate (457), 
Iron(III) antimonate (458) etc. 
Thus new developments in ion-exchange have many-fold 
enhanced its analytical application and have attracted many 
scientist to synthesize new ion-exchanger with enhanced 
sensitivity and selectivity by using intercalates or loading 
with different substances or using multi component ion-
exchangers . 
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AIM OF RESEARCH 
There is continuing need to find new ion-exchangers 
which are capable of removing toxic substances from aqueous 
effluents and from the effluents of industrial waste. Keep-
ing this thing in mind few inorganic ion exchangers have 
been prepared in this research project, which are selective 
towards heavy metals specially mercury. Mercury has 
received a great deal of attention in the field of environ-
mental pollution. Organic and inorganic compounds of 
mercury are very toxic in nature. Therefore after monitor-
ing these compounds in environment particularly in water, 
several researcher have been successfully removed mercury 
from waste water using chelate resins. But their tedeous 
methodology of preparation and less stability towards tempe-
rature- and radiation has restricted its application. While 
the inorganic ion-exchangers described in this thesis have 
simple method of preparation with selectivity towards 
mercury. 
In view of the above considerations, we have synthe-
sized a few new ion-exchangers whose applications are indus-
trial as well as environmental orientation. They are as 
follows:-
(i) Iron(III) ethylenediamine Ion exchanger. 
(ii) Zirconium (IV) 4-amino 3-hydroxynapthalene 
sulphonate. 
(iii) Zirconium (IV) piperidinethioglycola te a'on 
exchanger. 
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The synthesis of above exchangers have been aimed to 
incorporate different functional groups such as -NH2/ SO-, 
-SH etc. so as they act in a different manner, that is 
cationic ,anionic and chelometric ion exchangers. These 
exchangers not only showing high capacity but also found to 
have a great affinity towards many heavy metals which are 
important for their pollution activities. 
Analytical applications of inorganic ion-exchangers in 
volumetric titrations for the determination of a number of 
binary systems whose determination by classical methods are 
rather impossible has been made possible by using the 
sorption of dye on freshly prepared zirconium phosphatq/ 
zirconium oxide gel impregnated paper/cotton piece to act as 
indicator. 
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CHAPTER - H 
PREPARATION AND CHARACTERIZATION OF IRON(IU) 
ETHYLENED/AM/NE ION-EXCHANGER: 
SEPARATION or Hg", CV Pb' 
FROM NUMEROUS METAL IONS 
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There is continuing need to find new ion-exchangers 
which are capable of solving new arising problems of basic 
research and others, such as removal of toxic substances 
from aqueous effluents (1). Hydrogen phosphates of tetrava-
lent metals have been the object of considerable study in 
recent years because of their ion-exchange property and 
ability to adjust other molecules through intercalation (2)« 
These materials possess ion-exchange properties several 
times higher than the original ion-exchangers. The perti-
nent examples of ion-exchangers, which play a profound role 
to intercalate neutral species, are 06 ^  Y'-zirconium phos-
phate and OC - tin (IV) hydrogen phosphate (3,4,5). These 
crystalline materials change their interlayer distance 
according to the incomming molecule. Due to increase in 
their interlayer distance they show increase in ion-exchange 
capacity (6). Several binding mechanism are proposed for 
intercalated molelcules on ion-exchanger; 
(i) Formation of hydrogen bond between intercalents 
and ion-exchanger. 
(ii) Coordination of intercalents to the central 
metal species. 
Another class of study is functionalized oxides 
surfaces. These materials are widely studied and used as 
heterogeneous catalyst, catalyst precursor and for immobi-
lization of complexes (9). Metal oxides contain hydroxyl 
group and/or acid base pair sites which involve coordina-
tively unsaturated metal and oxygen ions. Thus surface 
functional groups can be introduced by chemisorption or 
chemical reaction of a v?ide variety of reagents on oxide 
surfaces. However, anmonia and amines are most frequently 
used for the study of acidic -OH groups of metal oxides 
(6). Surface sutdies of functionalized oxides were done by 
13 IR, C NMR, owing to their characteristic peaks (7,8). 
In this chapter we have prepared inorganic ion-
exchanger mixing ferric chloride and ethylenediamine. 
Amorphous hydrous ferric oxide gel, which is obtained by 
adding basic solution of ethylene diamine, is supposed to 
have a large number of acidic/basic sites depending upon 
the: pH of the solution (more acidic sites in basic pH and 
vice versa). The incoming ionogenic group is adsorbed on 
its surface and in case of an amine group, a protonated 
amine group. The matrix is both positively and negatively 
charged and therefore shows both cationic and anionic 
properties. This new type of ion-exchange material will 
provide a large number of applications both in the studies 
of cationic and anionic species. Moreover it is selective 
-3 -3 +2 
towards PO. and AsO. anions and Hg cation. 
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EXPERIMENTAL 
Reagent 
Anhydrous ferric chloride (Sarabhai M. Chemicals) 
and ethylenediamine (Merk) were used for the preparation and 
all other chemicals were of analytical grade reagent. 
Apparatus 
Baush and Lomb spectronic-20 , Elico Li-10 pH meter 
were used for spectrophotometric and pH measurements respec-
tively. 
Synthesis 
Various samples of exchanger were prepared by mixing 
an aqueous solutions of 0. IM ferric chloride (anhydrous) and 
0.IM ethylene diamine in different volume ratios. The gel 
so formed was thoroughly stirred on a magnetic stirrer at 
80°C for 8 hrs. The gel so formed was allowed to settle 
down for 24 hrs, washed several times with distilled water 
to remove excess reagents and finally filtered under suction. 
It was then dried at 60°C in an oven. The dried material 
was then treated with distilled water which resulted the 
cracking of material into small granioles (Table-2.1). 
Anion Exchange Capacity 
A 0.5 gm of exchanger (Sample FA,) in the desired 
form (Cl~/Br~/I~/SO .~^/P0.~-^) was transferred into a glass 
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column provided with a glasswool plug. It was washed with 
distilled water to remove excess ions, adhered to the 
surface. A IM NaNO^ solution was passed through the column 
and liberated anion was determined titrimetrically or spec-
trophotometrically (11,12) Table-2.2. 
Chemical Stability 
A 0.2 gm of exchanger iron-ethylenediamine (FA,) was 
treated with 25 ml of the solution of interest at room 
temperature and kept for 24 hrs with occassional shaking. 
Ferric ion released in the solution was determined titri-
metrically using Cu-PAN indicator (10) while ethylenediamine 
was determined spectrophotometrically (13). Results are 
summarized in Table-2.3. 
Chemical Composition 
0.1 gm of exchanger was dissolved in the minimum 
amount of 4M HNO^, and diluted to 100 ml with distilled 
+ 3 
water.. Fe and ethylenediamine were determined (10,13). 
The mole ratio of Fe: ethylenediamine was found to be 9:1. 
pH- titration 
The titration of ion-exchange material in OH form 
was carried out by Topp and Pepper method(14), by takdng 
several 250 ml Erlenmeyer flasks containing 0.5 gm of 
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exchanger (FA. ) in 50 ml of NaCl+HCl solutions. In which 
NaCl concentration was kept constant as O.lM (i.e.10 ml of 
0.5M NaCl) while the volume of O.lM HCl was varied as shown 
in figure 2.1. The pH was measured after 24 hrs and plotted 
against the volufae of HCl added. 
Infrared spectrum 
Infrared spectrum of exchanger was performed on 
Nicolet FTIR spectrometer using KBr disc method(Figure 2.2). 
Thermal treatment 
Thermogravimetric analysis (TGA) and differential 
thermal analysis (DTA) of the sample FA, were performed at a 
heating rate of 10°C/min in nitrogen atmosphere(Figure 2.3). 
X-Ray differaction 
The X-ray diffraction was carried out with Philips 
Automated powder diffractometer, model PW-1700 using nickel 
filtered Cu-K^, radiation. The results show that all the 
samples of ion-exchanger are amorphous. 
Distribution coeffecient of anions 
The Kd values of anions were determined by batch 
equilibration method. A 0.2 gm of exchanger (Sample FA,) 
was immersed in 25.0 ml solution of anionic species of 
interest in varying concentration of NH.NO^ and in distilled 
water andkept for 2 4 hrs at room temperature with intermi-
ttent shaking. The amount of anionic species left in the 
solution was then determined titrimetrically using standard 
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methods. The Kd values were calculated by using the follow-
ing expression (Table 2.4). 
V = amount of anionic species in exchangei/9m of exchanger 
d amount of anionic species in solutior/total volume of 
aqueous phase 
Quantitative separation of anions 
Quantitative separations of anions were accomplished 
on a small glass column (i.d. 0.6 cm) packed with 2.0 gm 
exchanger in NO, form. The anionic mixture was transferred 
from the top into the column and the flow rate of the efflu-
ent was maintained at 1.0 inl/min throughout the elution 
process. The anionic species in the effluent was determined 
3_ 
titrimetrically (12) while PO. was determined spectropho-
tometrically using ammonium molybdate and ammonium vanadate 
as a reagent (11) Table 2.5, Figure 2.4. 
Distribution coeffecient of cationic species 
Studies of the distribution coeffecient (Kd) of 
anions have been done in water, in varying concentration 
solution of NH.Cl and in nitric acid of different strengths. 
A 0.2 gm of the exchanger (Sample FA,) was equilibrated with 
desired amount of metal ion (5 ml of .OlM) and mixed with 20 
ml of the solution of interest. The mixture was allowed to 
stand for 24 hrs and then filtered off. The metal ion left 
in the solution was determined by titrating against EDTA 
solution. The Kd values were calculated using the following 
relation (Table- 2.6). 
100 
amount of metal species in the exchanger phase/ 
gm of exchanger 
Kd = : : 
amount of metal species left in the aqueous phase/ 
ml of aqueous solution 
Separation of metal ions 
A 3.0 g of exchanger was transferred into a glass 
column provided with glass wool plug.TC this added a mixture 
of metal ions and allowed to pass down the column. The 
metals were eluted using an appropriate eluting agent with 
constant rate of flow (1 ml min ). The determination of 
eluted metal ions was made by standard EDTA solution (10) 
(Table 2.7, Fig. 2.5). 
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RESULTS AND DISCUSSION 
Samples of iron-ethylenediamine have been prepared 
by mixing aqueous scdution of ferric chloride and ethylene 
diamine at pH-5 under varying mixing ratio (v/v) Table-2.1. 
Capacity of sample FA, is found maximum thus chosen for 
further studies. 
Ion exchange capacities for different anions are 
shown in Table - 2.2. In case of halides the decrease in 
capacity is due'to the decrease in electronegativity and 
increase in ionic radii. The combining effect of the small 
size or ionic radius with high electronegativity is provid-
ing a high ion-exchange capacity and vice-versa. 
Chemical stability of exchanger is measured in 
different acids and base. The material is found to be 
fairly stable in low concentration cif mineral acids and 
bases (stable in O.OIM acids as well as bases) listed in 
Table- 2.3. 
Figure- 2.1 shows pH titration curve, that is uptake 
of CI in exchange of OH ions. The curve shows one point 
of inflection suggesting mono functional behaviour of 
exchanger. 
The thermogravimetric and differential thermal 
analysis curve (Fig. 2.2) of iron-ethylenediamine indicate 
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TABLE - 2.2 
ANION EXCHANGE CAPACITY OF 
IRON ETHYLENEDIAMINE (SAMPLE-FA^) 
FOR VARIOUS ANIONS 
ANIONIC CAPACITY 
SPECIES in mmoles/gm 
1. CI 0.68 
2. Br" 0.12 
3. I~ 0.08 
4. SO 2- 0.005 
4 
5. PO,^" 0.016 
4 
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TABLE - 2.3 
CHEMICAL STABILITY OF IRON-ETHYLENEDIAMINE( SAMPLE FA-^ ) 
IN VAKIOUS SOLUTIONS 
S.No. SOLVENT 
1 
2, 
3, 
4, 
5, 
6 
1. 
8, 
9, 
10, 
11, 
12. 
13, 
14, 
15. 
IM HNO^ 
O.IM HNO3 
IM HCl 
O.IM 
l.OM 
O.IM 
l.OM 
O.IM 
l.ON 
O.IN 
l.ON 
O.IN 
l.ON 
l.ON 
l.OM 
HCl 
H2SO4 
H2SO4 
CH-COOH 
CH3COOH 
NaOH 
NaOH 
NH3 
NH3 
NaCl 
NH4NO3 
NH4CI 
Fe"*""^  RELEASED 
mg/25 ml 
51.53 
0.22 
0.30 
0.22 
39.1 
18.43 
0.31 
0.00 
32.39 
1.12 
0.14 
0.08 
0.00 
0.00 
0.00 
EDA RELEASED 
mg/25 ml 
9.62 
4.09 
10.34 
4.09 
10.94 
6.13 
5.65 
0.00 
0.12 
0.00 
5.53 
1.56 
0.00 
0.00 
0.00 
EDA - Ethylenediamine 
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weight loss around 80°-120°C is due to the loss of water. 
This corresponds to a physical change accompanied by endo-
thermic peak at 80°C in DTA curve. Again a weight loss in 
the temperature range 200°-430°C corresponds to exothermic 
peak at 280°C-300°C resulting the decomposition of ethyl-
enediamine. An endothermic broad peak in the temperature 
range 130°-600°C in DTA shows dehydroxylation of gel and 
finally at 600°C its conversion into a finely devided 
powder. 
The IR spectrum of iron-ethylenediamine gel is shown 
in fig. 2.3. Broad absorption band in the range 3700-
2900 cm is due to the presence of multiple groups mixed 
with each other are (i) the free -OH group, (ii) lattice 
and free water, (iii) N-H stretching vibrations, (iv) C-H 
stretching vibrations. Another peak with maximum at 1620 
cm is due to NH_ group. Sharp peak in the region 1400-
1380 cm may be attributed to -CH„ scissoring vibrations. 
Peak at 1020 cm corresponds to C-N stretching vibrations 
and at 89 0 cm to N-H bending vibrations. Occurrence of 
N-H bending vibrations towards higher frequency from its 
range 900-650 cm supports the formation of hydrogen bond 
or a protonated species. Peaks at 600 cm" and 445-400 Gm7-'-
are due to Fe-0 stretching vibrations and C-N bending 
vibrations respectively. 
weight (Vo) 
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On the basis of chemical composition^TGA, DTA and IR 
analysis, the following formula may be proposed for this 
exchanger 
(FeOOH)g(En).nH20 
En = Ethylenediamine (H^N.CH-.CH2,NH2) 
The weight loss due to the presence of external 
water molecule in the gel is 18% of the total weight. The 
number of such water molelcule per mole of the gel is deter-
mined on the basis of Alberti equation (15). 
iRr, - X(M + 18n) 18n - ^^ 
X = percent water content 
M+18n = the molecular weight of the material 
Value of n for the above proposed formula is 9.8 =* 10. 
The aqueous solution of ethylenediamine first hydro-
lyses the salt and then gets adsorbed on the surface of hydrolysed 
gel (FeOOH). A proton from active Bronsted acidic site is 
shifted to the adsorbed molecule to form a protonated amine, 
which provides positive charge to the matrix making the gel 
to act as anion exchanger. The ionogenic group- NH-. facili-
tates anion-exchange reaction. Moreover, the lone pair of 
electrons on nitrogen atom of amine group form a coordinate 
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bond with the guest metal ions. Thus the gel material behaves 
both as a cationic and anionic exchanger. 
0-H 0-H 0-H 0-H 
\ ^ ~^ o/ \ ^ \ / \. 
Surface interaction 
. H^N.CH_.CH_.NH_ \f Z 2 2 2 
\ , 
0-H 0-H 
i^-H^a ^^^H20 
0 0' 
H-N-CH2-CH2-NH2 
, 1 *• •• .• 
: H 
0-H 
Pe 
HoO 
^ " 2 
t 
0-H 
|^H2 0 
re 
\ 
Providing lone pair 
of electrons to 
coordinate with guest 
metal ion. 
Available site for 
an anion exchange 
i 
/• 
\, 
0—H 0-H 0-H 
I ^ ^ H , 0 I ^ H , 0 I 
I H-N-^CH2-CH,-NH3 \ 
V ! H/ \ ; 
V-
0^  
\ 
/ 
/ 
H,0 
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Distribution coeffecient of different anionic species 
are determined in distilled water and in different concentra-
tion of ammonium nitrate. The results are summarized in 
Table- 2.4. The Kd values of Cl~, Br~ and I~ are low in 
water as well as in different concentration of ammonium 
nitrate. However, in case of PO 4 and AsCr^ " the Kd values 
3-
are found high. The PO anion is eluted with 2.OM ammonium 
3- -
nitrate whereas AsO. and VO^ remained adsorbed in the column 
Therefore P04-^ " separated from Cl~, Br~ and I~ (Ta.ble-2.5, 
fig. 2.4). 
Distribution coeffecients of metal ions are studied in 
distilled water and also in different concentration of 
ammonium chloride and nitric ..acid .. A look on Table2.6 
suggests that ammonium chloride contribute a significant 
role in describing the Kd values, whereas in nitric acid 
almost all the metals have zero values and therefore exclu-
ded from the discussion in comparision to that of ammonium 
chloride. Factors which favour a high Kd value may be 
attributed to the formation of a coordinate bond of guest 
metal ion with host ionogenic group (-NH„). There may be a 
competition between CI and -NH^ groups to grab the metal 
ion but finally shall depend, on the stability of the two. 
The high Kd values of Hg"^  , Pb"*"^ , Cr"*" and VO"*"^  suggest the 
formation of strong negatively chloro corplex ions which are 
expected at amine sites and a strong affinity towards a coor-
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TABLE - 2.4 
Kd VALUES OF DIFFERENT ANIONS IN WATER AND 
IN DIFFERENT CONCENTRATION OF AMMONIUM NITRATE 
FOR IRON ETHYLENE DIAMINE EXCHANGER (SAMPLE FA.^ )^ 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
ANION 
Cl~ 
Br" 
I~ 
VO3-
MoO^~ 
2-
C2O4 
- 4 " 
MnO ~ 4 
Cr^O^^-
Fe(CN)g~ 
AsO^^-
H^O 
53.84 
16.67 
2.85 
179.31 
45.45 
264.71 
0 0 
150.00 
1462.00 
1775.00 
C O 
O.IM 
NH^NO^ 
53.84 
13.43 
,2.05 
208.00 
77.78 
376.92 
00 
150.00 
1150.00 
1150.00 
0 0 
0.2M 
NH^NO^ 
21.21 
2.94 
1.04 
167.74 
92.00 
376.92 
0 0 
128.95 
792.86 
782.35 
0 0 
0.4M 
NH^NO^ 
20.68 
2.68 
0.00 
155.22 
128.57 
264.71 
0 0 
122.22 
635.29 
240.91 
0 0 
0.6M 
NH4NO3 
18.15 
0.00 
0.00 
142.47 
1.43 
244.44 
0 0 
93.55 
525.00 
150.00 
0 0 
CO for very very high value 
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TABLE - 2.5 
SEPARATION OF ANIONS ACHIEVED ON 
IRON ETHYLENEDIAMINE ION-EXCHANGER(SAMPLE SA, ) 
S.No. 
1. 
2. 
3. 
Anions 
Separated 
Cl~ 
PO4 — 
Br~ 
P O 4 " ' 
I~ 
PO4"" 
Amount 
loaded 
(m gi) 
0.355 
0.950 
0.799 
0.95 
1.269 
0.95 
% 
recovery 
103.00 
95.5 
100.5 
94.5 
101.5 
95.0 
Volume of 
effluent 
40 
80 
40 
80 
40 
80 
ml 
ml 
ml 
ml 
ml 
ml 
Eluent 
used 
H^O 
2.0M 
NH.NO-4 3 
H2O 
2. CM 
NH^NO^ 
H2O 
2.0M 
NH.NO^ 4 3 
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0 10 20 30 iO 50 SO 70 80 90 100 110 120 130 
Volume of effluent ( ml.) 
Figure - 2 . 4 . ( b ) S e p a r a t i o n of Br~ and PO^  on 
Iron(III) ethylenediamine column. 
4 H 
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Volume of effluent ^ ml.) 
Figure - 2-4 (c ) S e p a r a t i o n of I~ and PO 3- on iron(III) ethylenediamine column. 
J 16 
dinating bond to the host amine group. The metal ions 
ZrO '*'^  and Ce"^ with moderate and Mn "*" with low Kd values 
suggest the formation of weak and very weak complexes 
2+ 2+ 2+ . 2+ 
respectively. The zero Kd values of Zn , Cd , Cu , Ni 
suggest no interaction with amine. 
In case of Fe / solution becomes turbid as it 
reacts with amine and form insoluble complex gel. 
2+ 2+ 
The case of alkaline earth metal ion Mg » Ca , 
2+ -2+ 2+ 
Ca , Sr , & Ba is simple and can be described in terms 
of non availability of acidic sites. They all have zero Kd 
values as the acidic sites are almost completely occupied by 
the basic acceptor like host amine ionogenic group. 
Thus on the basis of large differences in Kd values 
of different metal ions, some interesting separations have 
been achieved. Table- 2.7 (Fig.- 2 . 5 ) . 
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TABLE - 2 . 6 
K, VALUES OF METALS IN DIFFERENT SOLVENTS ON 
a 
I R O N ( I I I ) ETHYLENEDIAMINE (SAMPLE FA^) 
s. 
No. 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
M e t a l 
Cu^2 
Ni-^2 
Fe-^^ 
Co-^2 
Hg^^ 
Pb+2 
Ca^2 
Mg^2 
^ +2 S r 
Zn^2 
ZrO+2 
Mn+2 
C r ^ 3 
Th^^ 
VO+2 
^ j + 2 ' Cd 
Ce^^ 
Ba+2 
A l ^ 3 
H2O 
0 . 0 0 
0 . 0 0 
* 
3 6 . 3 6 
2 0 0 . 0 0 
4 0 . 5 7 
0 . 0 0 
0 . 0 0 _ 
0 . 0 0 
3 . 5 7 
1 4 0 . 0 0 
4 4 . 9 
5 2 . 6 0 
1 3 . 6 4 
3 5 5 . 0 3 
0 . 0 0 
7 4 . 0 0 
0 . 0 0 
1 0 8 . 8 9 
a05M 
NH^Cl 
0 . 0 0 
1 .42 
* 
2 . 2 7 
2 3 0 0 . 0 0 
1 4 3 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 4 0 . 0 0 
4 . 8 1 
2 0 8 . 4 4 
6 . 6 9 
4 0 0 . 0 0 
0 . 0 0 
1 2 8 . 9 5 
1 1 . 1 1 
9 0 . 9 1 
O.IM 
NH^Cl 
1 . 0 2 
1 . 4 2 
* 
9 . 7 6 
2 3 0 0 . 0 0 
3 4 8 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 4 0 . 0 0 
4 2 . 0 0 
1 3 2 . 8 0 
8 . 3 8 
5 0 0 . 0 0 
0 . 0 0 
9 3 . 3 3 
1 1 . 1 1 
1 3 0 . 0 0 
0.5M 
NH.Cl 4 
5 . 4 6 
1 9 . 4 0 
* 
3 6 . 3 6 
2 3 0 0 . 0 
3 5 8 . 3 3 
0 . 0 0 
4 . 4 8 
0 . 0 0 
1 . 8 2 
1 4 0 . 0 0 
1 8 . 3 3 
2 1 7 . 8 3 
1 1 . 1 1 
6 5 0 . 0 0 
0 . 0 0 
7 4 . 0 0 
4 . 1 7 
5 8 . 3 3 
l.OM 
NH.Cl 4 
5 . 4 6 
1 9 . 4 0 
* . 
0 . 0 0 
1 1 5 0 . 0 0 
3 4 8 . 0 0 
0 . 0 0 
4 . 4 8 
0 . 0 0 
7 . 6 9 
1 2 8 . 0 0 
2 4 . 5 7 
1 4 3 . 6 7 
1 1 . 1 1 
3 1 0 . 0 0 
0 . 0 0 
7 4 . 0 0 
3 2 0 . 0 0 
5 8 . 3 3 
0.008M 
'HNO3 
0 . 0 0 
0 .00 
* 
0 .00 
6 6 6 . 6 7 
3 . 5 7 
0 .00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
8 .46 
0 .00 
1.08 
1.42 
4 . 3 2 
0 .00 
2 . 3 6 
0 .00 
1.02 
0.02M 
HNO3 
0 . 0 0 
0 . 0 0 
* 
0 . 0 0 
4 . 0 2 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
—for tu rb id i ty 
TABLE - 2.7 
SOME TERNARY METAL IONS SEPARATION ACHIEVED ON 
IRON ETHYLENEDIAMINE EXCHANGER ( SAMPLE FA,) 
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s. 
No. 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
M e t a l s 
S e p a r a t e d 
Ba2+ 
Pb 
Hg2+ 
Sr2+ 
Pb2+ 
Hg2+ 
Ni2+ 
Cr3+ 
Hg2+ 
Cu2+ 
Cr3+ 
Hg2+ 
Th4+ 
Pb2+ 
Hg2+ 
Cd2+ 
Cr3+ 
Hg2+ 
Amount 
l o a d e d 
(m g- ) 
1 J 2 6 
1 . 9 0 6 
1 . 3 6 4 
0 . 9 6 4 
1 . 9 0 6 
1 . 3 6 4 
0 . 4 6 9 
0 . 2 6 9 
1 . 6 0 5 
0 . 3 8 1 
0 . 2 6 9 
1 . 6 0 5 
2 . 3 2 0 
1 . 9 0 6 
1 . 6 0 5 
0 . 9 2 2 
0 . 2 6 9 
1 . 6 0 5 
% 
R e c o v e r y 
1 0 2 . 4 4 
1 0 2 . 1 7 
9 5 . 5 9 
1 0 0 . 0 0 
1 0 3 . 2 6 
9 7 . 5 0 
1 0 2 . 6 5 
1 0 0 . 0 0 
9 7 . 5 0 
1 0 3 . 3 3 
1 0 0 . 1 9 
9 7 . 7 5 
1 0 1 . 0 0 
1 0 4 . 3 4 
9 6 . 2 5 
1 0 2 . 4 4 
1 0 2 . 1 2 
9 7 . 5 0 
V o l u m e o f 
e f f l u e n t 
40 
60 
50 
50 
60 
50 
50 
60 
50 
50 
60 
50 
50 
60 
50 
40 
60 
60 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
C o m p o s i t i o n 
of e l u e n t used 
0.5M NH^Cl 
0.008M HNO^ 
0.02N HNO^ 
0.5M NH^Cl 
0 .008N HNO^ 
0.02N HNO, 
0.5M NH.Cl 4 
0 .008N HNO^ 
0.02N HNO^ 
0.5M NH^Cl 
0 .008N HNO^ 
0.02N HNO^ 
0.5M NH^Cl 
0 .008N HNO3 
0.02N HNO-
0.5M NH.Cl 4 
0 .008N HNO^ 
0.02N HNO^ 
' 2 6 
119 
2 + 
Ba 
O.SM NH4CI -X -
2 + 
Pb 
0*00aM HNO-: 
2+ 
0-02MHNO3 > 
30 AO 50 60 70 80 90 
Volume of efflueni ( ml.) 
Figure- 2.5 (a) Separa t ion of Ba , Pb "*" and Hg from 
t e r n a r y mixture on I r o n ( I l l ) e thy lene -
diamine column. 
€ . 
•> 
1 0 
X 
< 
I -
O 
UJ 
E 
E 
0-008M H N O j — ^ 
Hg 
0-02M H NOj-
10 20 30 40 50 60 70 S& 90 1 00 110 120 130 140 150 160 
Volume of ef f lueni (ml.) 
2+ 2+ 2+ 
Figure - 2 .5 (b) S e p a r a t i o n of Sr , Pb and Hg from 
t e r n a r y m i x t u r e on I r o n ( l I I ) e t h y l e n e -
d i a m i n e column. 
120 
l o 
O 
£ 
E 
><—•0-02M HNO3 
0 10 2 0 30 40 50 60 70 80 90 100 UO 120 130 140 150 160 
Volume of effluent (ml.) 
Figure - 2.5 (c) Separa t ion of Ni , Cr and Hg from 
t e r n a r y mixture on I r o n ( I I I ) e t h y l e n e -
diamine column. 
rt 5 
X 
< 
O 
W4 
0 10 20 30 40 50 60 70 80 90 1 00 110 120 1.10 140150 
Volume of effluent (ml.) 
Ficnire - 2.5 (d) Separation of Cu , Cr and Hg from 
ternary mixture on Iron(III) ethylene-
diamine column. 
121 
»o 
^ 6 -
•K 4 • 
o, 
o 
E 
E 2 -
0'02MHNO3 
0 10 20 30 AO 50 60 70 «0 90 100 110 120 130 UO 150 160 
Volume of effluent (ml.) 
4+ 2+ 2+ 
Figure - 2 - 5 ( e ) . S e p a r a t i o n of Th , Pb and Hg from 
t e r n a r y m i x t u r e on I r o n ( I I I ) e t h y l e n e -
d i a m i n e column. 
\ o 
6 -
o 
ir A -
or 
O 
1 2 
Cd 
.2+ 
-O'SM N y ^ c l »«-
3+ 
Cr 
-OO0t::MHNO3 
l-f-
Hg" 
-^ * ( H ) 2 ; M H N O 3 . 
0 10 '20 30 40 50 60 70 80 90 100 110 120 130 1^ 0 tSO 160 
Volume of ef f luent ( m l . ) 
0_L. ^ 4 - 0,1. 
Figure - 2 .5 ( f ) S e p a r a t i o n of Cd , Cr and Hg from 
t e r n a r y m i x t u r e on I r o n ( I I I ) e t h y l e n e -
d i a m i n e column. 
122 
REFERENCES 
1. J.E. Cross and E.W. Hooper, "Ion exchange for 
industry", M. Street (Editor), Conference Proceedings, 
Cambridge, Ellis Horwood (1988). 
2. G. Alberti, "Recent Developments in Ion Exchange", 
P.A. Williams and M.J. Hudson (Eds), Elsevier, 
Applied Science, London (1987). 
3. Isao Tomita, K. Sasaki, R. Inoue, Y. Morino Y. Hase-
gawa, M. Takeda, M. Takahashi and I. Nakai, " Procee-
dings of the International Conference on Ion-Exchange 
(ICIE) Tokyo Jpn, Oct 2-4 (1991). 
4. C. Ferragina, M.A. Massucei and A.A.G. Tomlison, J. 
Chem. Soc, Dalton Trans., 1191 (1991). 
5. M.J. Hudson, E. Rodriguez Castellon and P. Sylvester, 
ICIE, Tokyo, Jpn,Oct.2-4 (1991). 
6. J.R. Anderson and M. Boudart, "Catalysis", Vol.IV, 
Springer Verlag; Berlin Heidelberg New York (1983), 
p.71. 
7. R.G. Azrak & C.L. Angell, J. Phys. Chem., 11_, 3048 
(1973). 
8. D. Slotfeldt-Euingsen & A.H. Resing, J. Phys. Chem., 
8£, 2204 (1980). 
9. L.L. Murrell; "Immobilization of Transition metals; 
Complex Catalyst on inorganic supports In Advanced 
Materials in Catalysis," J.J. Burton, R.L. Garten 
(Eds) New York, San Francisco, London; Academic Press 
p.235-265 (1977). 
123 
1 0 . C.N. R e i l l e y , R.W. Schmid and Fawzy S. Sadak, J . 
Chem. Soc. _3i' 561 ( 1 9 5 9 ) . 
11. Vogel's "Quantitative Inorganic Analysis" p.751. 
12 . I .M. K o l t h o f f , V. A. Strenger, "Volumetric Analysis",New York 
.Interscience (1942), V.II. 
13. F.D. Snell and C.T. Snell, "Colorimetric methods of 
analysis", D. Van Nostrand Company Inc Princeton, New 
Jersey, Vol.IV, p. 81-82. 
14. N.E. Topp and K.W. Pepper, J. Chem. Soc,3299 (1949). 
15. G. Alberti, E. Torracca and A. Conte, J. Inorg. Nucl. 
Chem., 28, 607 (1966). 
CHAPTER . / / / 
PREPARATION AND CHARACTERIZATION OF Zr(IV) 
4-AMINO, 2-HYDROXYNAPHTHALENESULPHONATE 
ION EXCHANGER: 
SEPARATION OF MERCURIC IONS FROM NUMEROUS 
METAL IONS 
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Extensive studies have been made on synthesis, 
characterization and separation of ionic species on hydrous 
oxides of metals showing ion-exchange properties (1,2). 
However, no attempt has been made to enhance the selectivity 
of these ion-exchange materials towards the metal ions which 
are hazardous from environmental point of view. Metal oxides 
are often used as solid adsorbents in TLC and HPLC(3). Pre-
paration of solid adsorbents having enhanced adsorption 
capacities and molecular specificities with higher selecti-
vities proved -very useful in chromatographic separations. 
For example, more selective silica gel is prepared by 
pretreatment of silicic acid hydrogels with various azodyes 
related to methyl orange and with amine compounds (4). A 
variety of non-bridged organic derivatives of tetravalent 
metals having a general composition Zr (O^ PCj-H .SO^H) (HPO.)^ _ 
have been reported (5). The sulfonic acid group {-SO-,H ) 
provides strong cation exchange sites while the monolayers 
of phosphate (P-OH) exhibit protons of moderate to weak 
intensity depending upon the pH of the solution. Some 
organic bases such as 1,10-phenanthroline, 2,9-dimethyl 1, 
10-phenanthroline and 4,7-dimethyl 1,10-phenanthroline have 
been intercalated between the layers of Y -zirconium phos-
phate (6a) to produce a flexible and expanded structure of 
the gel which allows more uptake of metal ions than in case 
of simple V~zi3rconium phosphate (6b) cation exchanger. 
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In this chapter, we report the synthesis and charac-
terization of hydrous zirconium( IV) oxide 4-ainineo 3-hydroxy 
naphthaline sulphonic (ANSA) acid ion-exchange gel. The 
adsorption of ANSA is explained in terms of physical 
interaction of different functionalities with the surface of 
oxide gel. The sorption behavior of metal ions has been 
studied and some possible separation of metal ions 
particularly the mercury are reported. 
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EXPERIMENTAL 
Reagent: 
Zirconium oxychloride (L.oba) ammonia (Ranbaxy) and 
4-amino-3-hydroxy naphthaline sulphonic acid were used for 
the preparation of gel. All other chemicals were of analy-
tical grade. 
Apparatus : 
Bausch and Lomb Spectronic-20 and Elico Li-10 pH 
meter were used for spectrophotometric and pH measurements 
respectively. 
Synthesis : 
All the samples of exchanger material were prepared 
by mixing aqueous solutions of zirconium( IV) oxyc; chloride 
(0.2 M) and ammonia (0.2 M) resulting the formation of a 
gelatinous material. To this, varying amount of 4-amino-3-
hydroxy naphthalene sulphonic acid was added with constant 
shaking in order to ensure a complete adsorption. After 24 
hrs, the gel was filtered off, washed several times with 
distilled water to remove excess of reagent and dried at 
60°C. The dried material was treated with distilled water 
so as to obtained the gel into smaller particles (Table-3.1) 
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Sorption capacity : 
The sorption capacities of various samples of zirco-
nium(IV) 4-amino-3-hydroxY naphthaline sulphonate exchanger 
for different metal ions were determined by the batch 
method. A mixture of 0.2 gm of the sample of the gel 
material and 25 ml of an aqueous solution containing metal 
ions was kept in Erlenmeyer flask for 24 hrs to allow the 
attainment of equilibrium. The ion-exchange material was 
then removed by filtration. The concentration of metal ions 
in the filtrate was determined by titrating against standard 
EDTA solution. The results are reported in Table-3.1. The 
sample ZA. has found to be superior as compared to the 
others and hence selected for further studies. 
Chemical stability : 
A 0.2 gm of each sample of ion exchange material was 
equilibrated with 25 ml aqueous solution of acids/base of 
different concentrations and kept for 24 hrs at room 
temperature with intermitient shaking Zirconium ions released 
in the solution were determined by EDTA titration (7) using 
xylenol orange indicator and 4-amino-3-hydroxy naphthalene 
sulphonic acid by absorbance measurement. The results are 
summarized in Table-3.2. 
Chemical Composition : 
A 0.1 gm of ion exchange material (sample ZA. ) was 
dissolved in the minimum amount of concentrated nitric acid 
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and made up to a volume of 100 ml by diluting with distilled 
water. Zirconium and 4-amino-3-hydroxy naphthalene sulpho-
nic acid contents were determined in the usual way as des-
cribed earlier. The mole ratio of ZrO_: ANSA was found to 
be 551:1. 
X-Ray diffraction : 
The X-ray diffraction studies were carried out with 
Philips Automated powder diffractometer model-PW-1700 using 
Ni filtered Cu-K-v radiations. The results show that all the 
samples of exchange material are amorphous. 
Infra-red studies : 
The IR spectrum was obtained using KBr disc on 
Nicolet FTIR spectrometer. 
Thermal analysis : 
Thermogravimetric (TG) and differential thermal 
analysis (DTA) data were obtained on Shimadzu thermal, 
analyser at the heating rate of 10 °C min in nitrogen 
atmosphere. 
Distribution coeffecients of anionic species : 
The Kd values of the anions were determined by batch 
method. To a 0.2 gm of exchanger (sample ZA.), 5 ml of 
O.OIM anionic species and 20 ml of requisite solvent was 
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added and kept at room temperature for 24 hrs with occa-
sional shaking. The supernatent liquid was removed by decan-
tation and then washings were mixed with the original 
solution. The remaining amount of anion in supernatent 
solution was determined titrimetrically (8) or spectrophoto-
metrically (9). The Kd values were determined using the 
following relation (Table- 3.3) (10). 
Kd = "^^ Q^ '^ t of anionic species/gm of exchanger 
amount of anionic species in solution/total 
volime of the aqueous phase 
Distribution coeffecients of cationic species : 
Studies of the distribution coeffecients (Kd) of 
cation on ZA. have been done in the following conjugate 
acid-base pairs with pH mentioned in the parenthesis. 
( i ) 0 . 2 M K C 1 + 0 . 2 M H C 1 ( p H - 1 ) 
(ii) 0.2MKC1+ 0.2M HCl (pH-2) 
(iii) 0.2M CH^COONa + 0.2M CH^COOH, 1:9 (pH-4) 
(iv) 0.2M CH^COONa + 0.2M "CH^COOH, 9:1 (pH-6) 
A 0.2 gm of the exchanger was equilibrated with 
desired amount of metal ions (5 ml of .OlM) and mixed with 
20 ml of one of the above mentioned system. The mixture was 
allowed to stand for 24 hrs and decaned. The metal ion left 
in the solution was determined by EDTA titrations and the Kd 
value was calculated using the following relation(Table 3.4), 
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Kd = "i^ol^s of metal species in the gel/qm of exchanger 
mmoles of metal species left in the aqueous phase/ 
total volume of the aqueous phase 
Separation of metal ions : 
A 5.0 gm of gel was transferred into a column 
provided with a glass wool plug. To this add a mixture of 
metal ions and allowed to pass down the column. Then 
eluted using an appropriate eluting agent with constant 
rate of flow (Iml/min). The determination is made by EDTA 
titration (11). (Table- 3.5) 
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RESULTS AND DISCUSSION 
The zirconium(IV) - 4-amino-3-hydroxy , naphthalene 
sulphonate exchanger found to have both cation and anion 
exchange properties. The sample ZA. is selected showing the 
highest sorption capacities (Table 3 .1), while cation and 
anion exchange capacities of ZA. are 0.16 H meq/gm and 0.38 
CI meq/gm. However,. cation and anion capacities are found 
to be smaller as compared to the hydrous zirconium oxide gel 
(10,12) prepared under identical conditions. This suggests 
that some of the ion-exchange sites are blocked by 
4-amino-3-hydroxy naphthalene sulphonic acid which is 
+2 
adsorbed on its surface. The sorption capacities for Hg , 
j_ o _L2 4-2 
Co , Zn and ZrO are determined for all the samples and 
it is found that capacity increases with the increase in the 
amount of ANSA in the gel. The sequence of sorption 
capacities for sample ZA. is as follows ', 
+ 9 +2 +2 +2 
Hg > ZrO > Co > Zn 
The various samples (ZA, , ZA , ZA_, ZA ) are fairly 
stable in low concentration of acids and bases. However, 
the sample ZA. has been found to be more stable towards 
chemical degradation and with-;;stand with higher temperature 
as compared to others (Table 3.2). 
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The pH titration curve of ZA. in OH form shows 
monofunctional behaviour as only one point of inflection is 
obtained (Fig. 3.1). 
The IR spectrum of ZA is shown in fig. 3.2. Broad 
absorption peak in the region 3500-3000 cm is due to 
several groups mixed with each others. These are (i) 
hydroxyl group (ii) Lattice and free water (iii) N-H stre-
tching vibration (iv) C-H (aromatic) stretching vibrations. 
Peak at 1628 cm is assigned to N-H and 0-H bending vibra-
tions. Another peak with maximum at 1404 cm is due to 
C=C stretching vibrations. While peak at 1312 and 1204 
cm may be due to =C-N group. Two peaks at 1150 cm and 
1035 cm may be assigned to -SO- asymmetric and symmetric 
stretching vibrations respectively. Peaks at 640 cm and 
500 cm are due to C-'S stretching and Zr-0 stretching 
vibrations respectively. 
The TGA and DTA curves of ZA. are shown in Fig. 3.3. 
The endothermic peak appearing in the region 90°-130,°C 
(DTA) with the loss of water molecules corresponds to 
weight loss of 12% in TGA curve. An exothermic peak in the 
temperature range 210°-230° with maximum at 220°C is 
recorded and attributed to the start of decomposition of 
4-amino-3-hydroxy naphthalene sulphonic acid. Exothermic 
process is recorded in the temperature range 250°-800°C 
with another exothermic peak at 780° is the 
result of total decomposition of ANSA (13). TGA 
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curve shows 34.0% weight loss in the range 400°-450°C is 
caused by the removal of internal water (14). 
Distribution coeffecient (Kd) values of anions are 
determined in different solvents (Table 3.3). For halides 
-3 Kd values are comparatively low. The anions such as PO. ', 
MnO., Fe(CN)^, VO^ show high Kd values suggesting high 
affinity towards the ion exchange material. 
+ 2 On the basis of a very high Kd value of Hg (Table 
3.4) the exchanger may be regarded selective towards Hg"*"^  
ions. The following effective separation of two component 
system have been successfully achieved (Table 3.5, fig. 3.4) 
1. Zn - Hg 
3+ 2 + 
2. Al - Hg 
3. Ni^-*-- ut 
2+ 2+ 
4. Ca - Hg 
2+ 2 + 
5. Mg - Hg 
2+ 2+ 
6. Pb - Hg 
2+ 2 + 
7. Mn - Hg 
2+ 2 + 
8. Cu - Hg 
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TABLE - 3.3 
Kd VALUES OF 
ANION 
(O.OIM) 
1. Cl~ 
2. Br" 
3. I~ 
4. C2O4--
5. PO^-
6 . MnO^" 
3-7. Fe(CN), 
0 
8. VOg" 
9. AsO^~ 
DIFFERENT 
H2O 
40.55 
5.55 
2.85 
40.91 
1900.00 
200.00 
233.33 
157.14 
41.67 
ANIONS ON ZA. 
NH3 
(O.OIM) 
49.50 
18.75 
3.1 
24.00 
1233.33 
130.77 
2042.86 
110.00 
78.94 
IN DIFFERENT 
HNO3 
(0.05M) 
28.10 
0.00 
0.00 
106.67 
00 
200.00 
328.57 
122.22 
33.33 
SOLVENT SYSTEMS 
HNO-
(O.IM) 
0.00 
0.00 
0.00 
106.67 
4900.00 
400.00 
233.33 
20.00 
0.00 
00 - V. high value 
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TABLE - 3 . 4 
DISTRIBUTION COEFFICIENT OF DIFFERENT CATIONS ON ZA. IN DMW AND IN 
4 
DIFFERENT CONJUGATE ACID BASE PAIR SOLUTIONS 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
CATION 
(O.OIM) 
Cu^ -^  
Co+2 
Ni 
Mg^2 
Ca-^ 2 
Sr-^ 2 
Ba-^ 2 
Zn-^ 2 
Cd+2 
u +2 Hg 
Pb+2 
Mn-^ 2 
Cr^3 
Al+3 
ZrO+2 
Vo+2 
Ce-^ 4 
Th^ -* 
DMW 
2.00 
33.33 
0.00 
0.00 
20.90 
0.00 
4.54 
10.53 
0.00 
2275.00 
4.25 
0.00 
16.67 
7.14 
154.84 
1.45 
1.82 
0.00 
COMPOSITION OF CONJUGATE ACID BASE 
0.2M KCl+0. 
pH-1 
2.00 
250.00 
0.00 
0.00 
0.00 
0.00 
• 0.00 
0.00 
0.00 
800.00 
6.30 
0.00 
75.00 
0.00 
150.00 
118.75 
0.00 
0.00 
SOLUTIONS 
.2M HCl 
pH-2 
2.00 
162.5 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1900.00 
85.00 
0.00 
266.67 
* 
71.43 
16.67 
240.00 
0.00 
0.2H.CH3CQONa+0 
.pH-4 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
62.96 
900.00 
4.80 
0.00 
75.00 
28.57 
71.43 
118.75 
29.40 
17.02 
PAIR 
.2M CH^COOH 
pH 6 
10.86 
00.00 
0.00 
37.50 
05.71 
05.71 
5.20 
0.00 
0.00 
100.00 
65.00' 
0.00 
200.75 
* 
0.00* 
2.94 
190.00 
10.00 
DMW - Demineralized water 
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TABLE - 3.5 
SEPARATIONS ACHIEVED ON ZA 4 
S.No. METALS AMT TAKEN AMT FOUND ELUENT VOL. OF % RECOVERY 
SEPARTED , ^ , ^ 
(m gm) (m gm) USED EFFLUENT 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
Zn+2 
Hg+2 
Al-^^ 
Hg^2 
Ni^2 
Hg^2 
Ca-^ 2 
Hg 
Mg 
ti +2 Hg 
Pb+2 
tj +2 Hg 
Mn 
tj + 2 
Hg 
n +2 
Cu u +2 Hg 
0.6341 
1.6849 
0.2051 
1.6849 
0.4697 
1.6849 
0.4168 
1.6849 
0.2431 
1.6849 
2.0305 
1.6849 
0.4945 
1.6849 
0.3812 
1.6849 
0.6406 
1.645 
0.2104 
1.645 
0.4697 
1.6849 
0.4168 
1.6849 
0.2479 
1.6648 
2.0305 
1.6849 
0.4945 
1.6849 
0.3812 
1.6648 
H2O 
O.IM 
H2O 
O.IM 
H2O 
O.IM 
H2O 
O.IM 
H2O 
O.IM 
H2O 
O.IM 
"2° 
O.IM 
H2O 
O.IM 
HNO3 
HNO3 
HNO3 
HNO3 
HNO3 
HNO3 
HNO3 
HNO3 
40 
50 
30 
50 
40 
50 
50 
50 
40 
50 
40 
50 
40 
50 
30 
50 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
101.03 
97.63 
102.6 
97.63 
100.0 
- 100.0 
100.0 
100.0 
101.97 
98.81 
100.0 
100.0 
100.0 
100.0 
100.0 
98.81 
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O-IO HNO3 
10 20 30 ^0 50 60 70 80 90 
Volume of effluer^ (mU) r 
Figu re -3 .4 ( a ) Separa t ion of Zn and Hg on zirconium 
(IV) 4-amino,3-hydroxy naphthalene 
sulphonate column. 
OOM H NO. 
Volume of effluent ( ml.) 
+ - .-2+ Figure-3.4(b) Separation of Al " and Hg on zirconium 
(IV) 4-amino,3-hydroxy naphthalene 
sulphonate column. 
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10 20 30 40 50 SO 70 80 90 
F i g u r e - 3 . 4 ( c ) 
Volume of e f f l u j pn t ( mlO 
Separation of Ni and Hg in binary 
mixture on zirconium (IV) 4-amino, 
3-hydroxy naphthalene sulphonate 
column. 
volume of effluent ^ ml.) ^^ 
F i g u r e - 3 . 4 ( d ) S e p a r a t i o n of Mg and Hg i n b i n a r y 
mixture on zirconium (IV) 4-amino, 
3-hydroxy naphthalene sulphonate 
column. 
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X 
< 
t-
Q 
o 
E 
6-0 
A-0 
2-0 ^ 
0-0 
- H 9 O -H C'lOM H NOj-
10 20 
F i g u r e - 3 . 4 ( e ) 
30 CO 50 60 70 «0 90 
Volume of eff^^jent ( ml.^ + 
Separa t ion of Ca and Hg in b inary 
mixture on zirconium (IV) 4-amino, 
3-hydroxy naphthalene sulphonate 
column. 
X 
< 
O 
UJ 
5.0 J^  
CO 
-o 2-0 
6 
E 
0.0 
O-IOM HNO3 
20 
F i g u r e - 3 . 4 ( f ) 
SO 60 70 80 
Of eff luent (ml.) 
9C 
2+ 
30 40 
Volume 
Separa t ion of Pb and Hg in b inary 
mixture on zirconium (IV) 4-amino, 
3-hydroxy naphthalene sulphonate 
column. 
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O-IOM HNO3-
Volumc of effluent-(rn 10 2+ 
Figure-3.4(g) Separation of Mn and Hg in binary mixture 
on zirconium (IV) 4-amino, 3-hydroxy 
naphthalene sulphonate column. 
90 100 
Figure-3.4(h) 
Volume of cfflueni ( mU) 
2+ 2+ 
Separation of Cu and Hg in binary mixture 
on zirconium (IV) 4-amino, 3-hydroxy 
naphthalene sulphonate column. 
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CHAPTER - IV 
PREPARATION AND CHARACTERIZATION OF 
ZIRCONIUM'IV 
PIPERIDINE- THIOGL YCOU TE 
ION EXCHANGER: 
SEPARATION OF MERCURIC ION 
FROM NUMEROUS METAL IONS 
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A large number of inorganic ion-exchangers have been 
synthesized and used for the separtion of metal ions, from 
aqueous solutions (1-8). There is still a need to develop 
some new inorganic ion-exchangers possessing sites for 
interaction with specific metal ions. It is well known that 
the chelating resins are recognized as being potentially 
used for the selective separation of metal ions (9-15). But 
due to its high cost and tedious methodology involved in 
preparation has restricted its application on the other 
hand, the synthesis of inorganic ion-exchangers with appro-
priate functional groups involve . a simple technique and 
work parallel to chelating resin (16-21). Zirconium phos-
phate and tin phosphate incorporated with different amine 
groups are the examples of such exchangers (22,23). 
The present work describes the synthesis of a new ion 
exchanger, zirconium(IV) piperidine-thioglycolate which 
involves different functionalities so as to act in the 
following ways: 
i) The presence of thioglycolate group provides coordi-
nation site for complexation and mercapto group 
involves in oxidation reduction to act electron-
exchanger. 
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ii) The presence of amine group (adsorbed to an insigni-
ficant amount as revealed from chemical composition 
studies) brings about the hydrolysis of zirconium 
salt to produce its anionic character. 
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EXPERIMENTAL 
Reagent : 
Zirconium oxychloride (BDH), piperidine (Loba Chemi-
cals, India), thioglycolic acid (S.D. Fine Chem. Ltd. India) 
and other chemicals of analytical grade were used. 
Apparatus : 
A Bausch and Lomb spectronic 20 and spectronic 1001 
were used for spectrophotometric measurements. Elico Li-10 
pH meter was used for pH measurement. 
Synthesis : 
Various samples of exchanger were prepared by mixing 
aqueous solutions of zirconium oxychloride, piperidine and 
thioglycolic acid under different sets of condition as 
listed in Table 4.1. The gel formed was thoroughly stirred 
on a magnetic stirrer at 50°C for 4 hrs. The gel so formed 
was allowed to settle down for 24 hrs, washed several times 
with distilled water to remove excess of reagents and 
finally filtered under suction. It was then dried at 60° in 
an oven The dried material was then treated with distilled 
water which resulted in the cracking of the material into 
small granules with slight evolution of heat. 
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Anion-exchange capacity: 
A 0.5 gm of exchanger in CI /Br /I form was put into 
the glass column containing glass wool plug. It was washed 
with distilled water to remove excess ions remained sticking 
on the particles. A 1.0 M solution of sodium nitrate was 
passed through the column, the anions so liberated were 
determined titrimetrically. The capacities for Cl~, Br~, I~ 
were found 0.98, 0.70, 0.42 meq/g respectively. 
Sorption capacities of metal ions : 
The sorption capacities of various samples of zirco-
nium( IV)-piperidine-thioglycolate for different metal ions 
were determined by the batch method • A 0.2 gm of ion-exch-
anger was poured in an Erlenmeyer flask (250 ml) containing 
metal ion solution and kept for 24 hrs to allow the attain-
ment of equilibrium. The ion-exchange material was then 
removed by filtration from the mother liquor and the concen-
tration of metal ions in solution was determined by titrat-
ing against standard EDTA solution. The results are reported 
in Table-4.2. 
Electron exchange capacity : 
In a series of stoppered flasks, weighed amount of 
exchanger and a known amount of acidic solution of KMnO. 
were shaken using automatic shaker at room temperature. 
After appropriate intervals of time the contents of the 
flasks were filtered off and the unreacted KMnO. was deter-
4 
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mined by titrating against a standard oxalic acid solution 
in each flask. The electron exchange capacity, calculated 
at the point where the concentration of KMnO. in solution 
became almost zero due to complete reduction of MnO.~ ions 
and the colour of exchanger turned blackish, found 5.85 meq/ 
gm of dry exchanger (Fig. 4.3, Table 4.5). 
Chemical Stability : 
A 0.2 gm of different samples of exchangers were 
equilibrated with 25 ml of the solution of interest at room 
temperature and kept for 24 hrs with occasional shaking. 
Zirconium ion released in the solution was determined titri-
metrically using xylenol orange (25). Piperidine and thio-
glycolic acid were determined spectrophotometrically using 
1-chloro 2-4-dinitrobenzene and sodium nitrite respectively 
(26,27). Table- 4.3 
Chemical Composition : 
For the determination of chemical composition of the 
samples, a 0.1 gm of different samples of exchanger were 
dissolved in the minimum amount of hot concentrated sulfuric 
acid. Then the solution was diluted to 100 ml with disti-
lled water. The metal ion zirconium was determined titri-
metrically (25) while piperidine and thioglycolic acid was 
determined spectrophotometrically (26,27). The results are 
reported in Table 4.4. 
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Infra red spectrum : 
Infra red spectrum of exchanger was performed using 
KBr technique (Figure- 4.1). 
Thermal treatment : 
Thermogravimetric analysis (TGA) and differential 
thermal analysis (DTA) of the sample ZTP (222) were perform-
ed at a heating rate of 10°C/min in nitrogen atmosphere 
(Figure 4.2). 
X-ray diffraction : 
X-ray diffraction pattern were taken on a philip F.W. 
1140 diffractometer using Ni filtered Cu-K^ radiation. The 
exchanger was found amorphous in nature. 
Distribution coeffecient of metals : 
The distribution coeffecient for different metal ions 
were determined in different electrolytes whose composition 
and pH are given below, 
(i) 0.2 M KCl + 0.2M HCl (pH-2) 
(ii) 0.2 M CH^COONa + 0.2M CH2COOH, 1:9 (pH-4) 
(iii)0.2 M CH^COONa + 0.2M CH 'COOH, 9:1 (pH-6) 
(iv) 0.2 M Citric acid + 0.2M Na2HP0. (pH-8) 
(v) NH^ + NH^Cl (pH-10) 
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A 0.2 gm of exchanger was added in 250 ml Erlenmeyer 
flask which contain£<ii.,, a 5 ml O.OIM metal ion solution 
and 20 ml electrolyte solution. The contents were kept for 
24 hrs at room temperature with occasional shaking and then 
filtered off. The filtrate which was having unreacted metal 
ions was determined titrimetrically using standard EDTA. K, 
values were calculated according to the formula (Table 4.7). 
mmoles of metal species in exchanger phase/gra of 
exchanger 
<i mmoles of metal species left in the agueous ph^se/ 
ml of the solution 
Separation of binary metal ion mixtures : 
Effective quantitative separations of metal ions using 
glass column of 0.6 cm diameter (i.d.) containing 2.0gm 
exchanger have been achieved. The flow rate was maintained 
at Iml/min throughout the elution process (Table 4.8). 
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RESULTS AND DISCUSSION 
Different samples of zirconium(IV) piperidine thio-
glycolate exchanger have been prepared by changing, the 
order of mixing of each component, their volumes and pH to 
obtain a superior gel with high selectivity, productivity and 
chemical stability (Table 4.1). In order to show the effec-
tiveness of thioglycolic acid in the exchanger, the results 
have been compared with zirconium(IV) piperidine exchanger. 
The incorporation of thioglycolic acid results an increase 
in the ion-exchange capacity. 
The sorption capacity of some metal ions (Table 4.2) 
have also been determined for different samples of zirco-
nium(IV) piperidine-thioglycolate exchanger. Moreover, 
chemical stability of these samples in different acids and 
base is determined, the results have been summarized in 
Table 4.3. Zirconium(IV) piperidine thioglycolate sample 
abbreviated . as ZTP 222 has been found the most suitable and 
therefore selected for further studies. 
The IR spectrum of zirconium piperidine thioglycolate 
exchanger (sample ZTP 222) and zirconium piperidine exchan-
ger (ZP) are shown in figure 4.1. Broad peak from 3500-3000 
cm may be assigned to N-H and 0-H stretching vibrations. 
- 1 -*• 
Two sharp peaks 2200 and 2000 cm may be attributed to -NH-
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bending vibrations. Peak at 1620 cm assigned to C=0 
stretching vibrations (absent in ZP, fig. 4.1A). Peak at 
1480 cm" is assigned to -CH-- bending vibrations. Sharp 
peak at 1270 cm is attributed to C-N stretching vibrations 
The peaks at 700 cm and 500 cm may be assigned to C-S 
and S-S groups, while the peak at 45 0 cm to metal oxygen 
bonding (Zr-0) and present in both the exchangers (ZP and 
ZTP 222). 
Thermogravimetric (TG) and differential thermal 
analysis (DTA) curves show 10% weight loss accompanied by 
endothermic process. Further increase in temperature causes 
decomposition of piperidine and thioglycolate group with 37% 
loss accompanied by dehydroxylation leaving 53% zirconium 
oxide. (Figure 4.2). 
The following formula has been suggested on the basis 
of chemical composition, TGA, DTA and IR studies: 
(ZrO)^ (SCH2-COO)2(OH)2(C^H^^N)^Q ^yXiE^O 
Since the amount of piperidine is insignificant 
therefore the above formula reduces to 
(ZrO)^ (SCH2-COO)2(OH)2.nH20 
The weight loss due to the presence of water molecule 
in the gel is 10% of the total weight. The value of n in 
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the above formula can be determined on the basis of Alberti 
equation (28) 
18n = ^^^/ ^8"> 
100 
Where X = percent water content 
M +18n= Molecular weight of the material 
The value of n = 3.3 
The electron exchange behavior of ZTP 222 can be shown 
in the following way (29,24). 
0 
^ II \ II 
Z r - O — C C H S H Z r — 0 — C — C H , - S 2 
0 
\ 
_ik /y 
\ 
Zr -
// 
0 
\ 
- 0 — C - CH2— S 
0 
Oxidized form 
(b) 
Reduced form 
(a) 
Redox c a p a c i t y in terms of MnO. i s measured varying 
the magnitude of time and c a l c u l a t e d a t t h e t ime where 100% 
MnO. i s reduced (Table 4.5) and found t o be 5.85 raeq/gm of 
exchanger ( F i g . 4 . 3 ) . 
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TABLE - 4-5 
RATE OF REDUCTION OF KMnO. WITH TIME 
4 
BY Z r ( I V ) PIPERIDINE THIOGLYCOLATE (SAMPLE ZTP 222 ) 
S . Amount Time i n t e r - Amount Amount o f Amount o f P e r -
No . of Ex- Veil of r e a c -
changer t i o n 
(gm) (hrs) 
of KMnO^ unrea.cted 
taken KMnO.left 
in the 
solution 
(meq) (meq) 
KMnO. 
reduced by 
exchanger 
(meq) 
cent 
reduc-
tion 
1 . 
2 . 
3 . 
4 . 
0 . 2 
0 . 2 
0 . 2 
0 . 2 
2 
4 
6 
8 
1.17 
1.17 
0.276 
1.17 0.226 
1.17 0.068 
0.000 
0.894 76.41 
0.944 80.68 
1.102 94.19 
1.17 10 a 00-
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Distribution coeffecients of several metal ions have 
been determined in different systems with varying pH (Table 
2+ 2+ 2+ 4.6). The high Kd values of metal ions Cu , Hg , U0„ in 
acidic as well as alkaline medium suggesting that first they 
are reduced by thioglycolate group and then form complexes. 
3+ The high Kd value of Fe in alkaline range is also 
the formation of Iron thioglycolate complex (3 0) • The 
metal ions Zn , Cd , Mn , Cr , Tl show high Kd values 
in alkaline medium, form complexes with thioglycolate group 
(31). 
However, in acidic medium exchanger becomes selective 
^ 2+ 2-t- 2 + 
towards Cu , UO^ & Hg . Thus the separation of mercuric 
ion from numerous, metal ions has been successfully achieved 
by column chromatography (Table 4.7, fig. 4.5). 
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F ig4 .5(a) -Separa t ion of H g 2 * f r o m Zn2* 
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Fig4«5( b ) -Sepa ra t i on of H g ^ * f r o m Fe3* 
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Fig4.3(c)-Separation of Hg2* from Ni^* 
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CHAPTER - V 
SIMULTANEOUS DETERMINATION OF BINARY 
MIXTURES 
USING TWO DIFFERENT GEL IMPREGNATED 
PAPER/COTTON SORBED WITH DYES 
AS INDICA TOR IN A SYSTEM OF SINGLE/TWO 
DIFFERENT TITR4NTS 
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Analytical applications of ion exchangers have been 
well established in the detection and determination of 
organic functional groups (1-6) where they acted as (i) 
detection media (ii ) selective and specific catalyst (iii) to 
increase the sensitivity by concentrating the colour visible 
at its surface, and (iv) as ion exchanger. 
In volumetric analysis ion-exchange beads played an 
important role to carry out many difficult titrations where 
the classical method failed. In neutralization titrations 
resin beads are sorbed with acid-base indicators and in 
precipitation and redox titration, advantage is taken by 
irreversible sorption .of metals ions which showed great 
sensitivity towards an ion-exchanger (7,8). 
The use of ion-exchange impregnated paper/cotton 
sorbed with dye molecules aS indicators in titration which 
are not plausible by conventional methods for example. 
1. Strong acid/weak acid & strong base/weak base 
titrations 
2. Precipitation titration 
3. Chelometric titration 
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EXPERIMENTAL 
Reagents : 
0.1 M solution of zirconium oxychloride (Loba Chemi©) 
O.lM phosphoric acid (BDH) and O.lM ammonia, 0.1% (w/y) 
solutions of indicators (bromophenol blue, methyl orange, 
bromothymol blue, phenol red and phenolphthalein, eosin, 
eriochrome black-T, xylenol orange, chroraeazurol-S) O.lM 
silver nitrate, 0. 01 St.  O.lM calcium nitrate O.lM lithium 
fluoride, O.lM potassium bromide, O.lM potassium iodide, 
O.OOIM & 0.01 ferric nitrate, O.OIM magnesium nitrate, 0.02M 
aluminium nitrate, were prepared. 
Preparation of impregnated ion-exchange paper sorbed 
with indicator : 
Whatman No.3 paper strip was dipped in aqueous O.lM 
zirconium oxychloride solution, the excess solution was 
removed by blotting and then passed through O.lM phosphoric 
acid (to precipitate zirconium phospjiate (ZrP)) or O.lM 
ammonia solution (to precipitate zirconium hydroxide gel 
(ZrOp)]. The excess phosphoric acid/ammonia was washed out 
with distilled water. The strips were dried at room tempera-
ture and sorbed with dye molecules. Finally they were dried 
at room temperature and cut into small pieces for ready to 
use. 
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Absorbent cotton plug was impregnated with freshly 
prepared zirconium phosphate gel followed by sorption of 
dye. It has been found that cotton plug sorbed with EBT 
indicator gave much-much better results compared to paper 
indicator in chelometric titrations. Blank titration was 
done in all titration to make correction in volume. 
PROCEDURE 
Simultaneous determination of HCl and CH-.COOH in the mixture 
To a 10 ml mixture of HCl & CH^COOH in a 100 ml 
beaker,added a small piece of indicator paper (methyl orange) 
and titrated against standard sodium hydroxide solution. The 
first equivalence point was obtained due to complete disso-
ciation of hydrochloric acid, when acetic acid remains 
undissociated. Then added a small piece of phenolphthlein 
indicator paper in the same solution and continued the 
addition of sodium hydroxide till the second equivalence 
point was observed on the paper. The change in the colour of 
indicator, at the end point, takes place on paper only. The 
results are summarized in TableS.land Table-5.2. 
Simultaneous determination of NaOH and NH.OH in the mixture: 
Same as above, the titrant was a standard HCl and the 
first indicator paper sorbed with phenolphthalein for NaOH, 
and the second indicator paper with methyl orange. The 
results are summarized in Table- 5.3. 
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Simultaneous determination of I and F : 
MEIHOD-I 
To a 20 ml mixture containing I~ and F - added 2 ml 
buffer of pH-3.6 and a piece of eosin indicator paper and 
titrated against a standard 0.IM silver nitrate solution 
until.', a colour change from orange to pink(I determination) 
For the determintion of F pH of the .solution was changed by 
adding 5 ml buffer solution of pH-10 followed by the 
addition of a small piece of EBT indicator sorbed cotton and 
titrate against a standard solution of 0 .OlM Ca(NO^)_. The 
colour change may be seen as wine red on the cotton piece. 
Absorbent cotton must be freshly impregnated with ion 
exchanger followed by sorption with EBT. Blank titration was 
done to make a correction in the volume of titrant. Results 
are summarized in Table-5.4. 
Simultaneous determination of Br and F 
Same as above. Results are summarized in Table-5.5 
Simultaneous determination of F and Br -
METHOD-II — In a 20 ml mixture containing Br~ and 
F added 2 ml buffer of pH-5.6 followed by a small piece of 
impregnated zirconium phosphate paper sorbed with chrome 
azurol- S for F~ determination and titrated against a standard 
0 . IM AI(NOT).^ solution, observed a colour change from red 
to blue at the equivalence point on the paper piece. For 
the determination of Br, added 1 ml 0. IM acetic acid followed 
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by ZrP paper sorbed with eosin. Titrated against a standard 
0. IN silver nitrate solution. The colour change from orange 
to pink may be seen on the paper at the end point. Blank 
titration was done to make a correction in the volume of 
titrant. Results are summarized in Table- 5.6. 
Simultaneous determination of F~ & I~-
Same as above. Results are summarized in Table-.5.7 
Simultaneous determination F & CI : 
Same as for F & Br . The results are summarized in 
Table- 5.8 
+3 +2 Simultaneous determination of Fe and Ca : 
+ 3 +2 
To a 5 ml synthetic mixture containing Fe and Ca , 
added 2 ml pH-2 buffer followed by the addition of chrome 
azurol- S sorbed zirconium phosphate cotton piece. Titrated 
against standard solution of O.OIM EDTA observed a colour 
change from blue to orange on the cotton piece at the end 
+ 3 +2 
point (Fe determination). For Ca determination, added 5 ml 
pH-7.6 buffer followed by the addition of EBT sorbed freshly 
prepared zirconium phosphate impregnated cotton. The results 
are summarized in Table-5.9 
+3 +2 Simultaneous determination of Fe and Mg in the mixture: 
+ 3 +2 To a 5 ml mixture, containing Fe & Mg , added 2 ml 
pH-2 buffer and then chrome- azurol-S sorbed zirconium 
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phosphate cotton. Titrated against standard solution of 
0.01 M EDTA. Colour change from blue to red on the cotton 
indicated the end point for Fe . For the determination of 
Mg"*"^ , added 5 ml pH-10 buffer followed by dipping EBT 
sorbed zirconium phosphate cotton plug. Addition of EDTA 
titrant was continued till the colour changed from red to 
+ 2 blue on the cotton indicating the end poxnt for Ca 
Blank correction was done in the volume of titrant. 
Results are summarized in Table 5.10. 
+3 +2 Simultaneous determination of Al & Mg in the mixture: 
+ 3 +2 
In a 10 ml mixture of Al & Mg added 2 ml pH-5.6 
buffer and excess 0.01 M EDTA in the mixture and heated. 
Cooled the mixture and then added chrome azurol-S sorbed 
+3 
zirconium phosphate cotton for the determination of Al 
Titrated the mixture with standard 0.0 2 M Al(NO_)^. 
Observed colour change from red to blue on the cotton at 
+ 2 the end point. For the determination of Mg added 5 ml 
pH-10 buffer in the same mixture and EBT sorbed freshly 
prepared zirconium phosphate cotton. Colour change from 
red to blue was observed on cotton at the end point. 
Results are summarized in the Table 5.11. 
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RESULTS AND DISCUSSION 
The use of freshly prepared paper/cotton plug sorbed 
with dye molecule to act as heterogeneous indicator have 
been studied in the following titrations involving a binary 
mixture: 
(1) neutralization titration 
(2) precipitation titration 
(3) chelometric titration 
Qureshi et al. ' ( 8 ) used organic and 
inorganic ion-exchange,? beads as indicator to detect the 
equivalence point in precipitation titrations. Selective 
inorganic ion-exchangers towards certain metal ions, which 
formed coloured and irreversible complexes with titrants at 
the end point, are employed. 
The present work is based on the studies of freshly 
prepared gel impregnated with Whatman papers/cotton plug 
sorbed with dye molecules have been found many advantages 
over the dry gel or the ion-exchange resin beads. Firstly, 
it has a large surface area with greater chances of diffusion of 
molecules from homogeneous phase to particle surface. 
Secondly, the presence of active acidic and basic sites to 
act accordingly to the experimental conditions (Lewis acid/ 
base depending upon the incoming molecule). Finally the 
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formation and type of a bond, due to physical interaction or 
chemical interaction where the irreversible sorption may 
also occur. 
In preliminary studies, ion-exchange resin sorbed 
with acid base indicator molecule have been used in neutra-
lization titration involving single component (7). The 
mechanism of interaction of indicator molecule with resin 
has been shown by a simple ion-exchange phenomenon, that is, 
for a weak acid indicator which provides an anionic species 
on dissociation is exchanged with an anion-exchange resin 
and vice versa. However, an indicator molecule which is 
supposed to be large in size may or may not enter the pores 
of ion-exchange resin, and therefore the change in colour at 
the equivalence point does not appear totally on bead 
surface, but extended to solution also. 
In order to explore this study involving different 
types of titrations, a freshly prepared gel which is asso-
ciated with water of hydration, plays an important role in 
the formation of bond with indicator molecule on its surface. 
A number of titrations in binary mixtures are made possible.. 
The mechanism of these titrations has been discussed as 
follows:-
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Case I - Neutralization titration - Mixture containing a 
strong acid and a weak acid : 
A quantitative estimation of a mixture of hydro-
chloric acid and acetic acid has been done using two differ-
ent types of indicators with their pH ranges in accordance 
with dissociation of acids. Impregnated ion-exchange paper 
sorbed with bromophenol blue/methyl orange indicator (pH 
range of 3.0-4.6/3.1-4.4) used for the determination of 
strong acid. The change in colour occurs in the vicinity of 
end point when there is a complete dissociation of acid on 
adding base as titrant. At this point the dissociation of 
weak acid does not start or just starts. The colour dye 
impregnated ion exchange paper is taken out/remained in Soln., 
impregnated ion-exchange paper sorbed -with phenolphthalein 
indicator is added. The titration is continued till a change 
in colour (pink) on the surface of impregnated paper is 
obtained that is, the second end point. Adsorption of 
indicator followed by weak physical attractive forces and 
subsequent reaction of colour change has been shown in the 
following tentative reaction mechanism. 
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( i ) Bromophenol b lue-z i rconium oxide paper 
rf^x^i s = o 
Zr u Zr Zr 
I  \ / ll\/ll 
0 0 0 0 0 
zirconium 
oxide paper 
OH 
H-0 
0 
II 
.2r 
^ \ o ^ - ^ 
At equivalence point a slight excess of OH diffuses 
onto the particle surface, breaking the hydrogen bonding, 
and it. creates a favourable pH interval and attack on 
phenolic groups. Rearrangement of electrons and formation 
of resonating structure takes place. 
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(ii) Phenolphthalein indicator-zirconium oxide paper 
•^' 
r<^^^^> 
II 
^U J^ 
H-0 0-H 
Zirconium oxide paper 
Zr ^ 2 r 
y ^ . / b P 
0 — H 
ri'^^^^^^1—• 
II 
^ ; 
H~0 
0 
II 
z 
0—H 
0 
II 
Zr 
^ V \^'V/\ 
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Diffusion of OH on the surface of paper and subse-
quest rearrangement has been shown as follows:-
0 0 
0 — H 
y II 0 
d^^^^^^^r 
II OH 
H—0 
0 
II 
2r 
0 
W 
Zr 
H —0 
6 
11 
Zr. 
0 
II 
Zr, 
0 
II 
Z r 
0 
li 
Zr, II II ll U  . . r. /'^./X-^'VX ^ -^-^  ^^ V % 
0 
II 
2 r 
0 
II 
.2 
0 
II 
0 - H 
^^  \ ^ \^\yX 
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Methyl orange can also be used for the determination of 
strong acid in the binary system. 
Methyl orange zirconium phosphate paper : 
0 p 0 
\ E 'J " 
I / I I 
0 0 0 0 
H - . 0 ^ ^ 
" O — S n 
Zirconium • -^  
phosphate 
paper 
I 
H 
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Diffusion of H^ ions onto the surface. 
0 P 0 
V 'I 'i II 
0 
I 
H 
.Red in colour 
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At equivalence point OH ions diffuses onto the surface 
neutralizing the protonated species. 
OH 
H 
II 
\f'^y^^.^''^ 
0 1 
1 
H — • 
• 0 — 
- 0 
II 
- S : 
0 1 
1 
H 
• 
= 0 
0 
I 
H 
Zr  
0 
I 
H 
Orange in colour 
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TABLE - 5.1 
SIMULTANEOUS DETERMINATION OF HCl AND CH^COOH IN THE GIVEN MIX-
TURE USING BROMOPHENOL BLUE AND PHENOLPHTHALENE LOADED Zr02 PAPER 
s. 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
AMOUNT TAKEN 
Hcl(mg) CH^COOHdng) 
11.10 
11.0 
11.10 
11.10 
8.32 
8.32 
8.32 
8.32 
5.55 
5.55 
5.55 
5.55 
16.65 
16.65 
16.65 
16.65 
35.10 
35.10 
35.10 
35.10 
40.95 
40.95 
40.95 
40.95 
46:80 
46.80 
46.80 
46.80 
23.40 
23.40 
23.40 
23.40 
AMOUNT 
HCl(mg) CH. 
11.10 
11.10 
11.10 
11.10 
8.16 
8.32 
8.32 
8.32 
5.55 
5.71 
5.55 
5.55 
16.65 
16.65 
16.65 
16.65 
FOUND 
jCOOH(mg) 
35.32 
35.05 
35.05 
35.05 
41.12 
40.84 
40.84 
40.84 
46.36 
46.64 
46.64 
46.64 
23.46 
23.46 
23.46 
23.46 
% 
HCl 
0.00 
0.00 
0.00 
0.00 
1.95 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
ERROR 
CH^COOH 
-0.64 
-0.136 
-0.136 
-0.136 
-0.415 
-0.002 
-0.002 
-0.002 
-0.920 
-0.34 
-0.34 
-0.34 
-0.25 
-0.25 
-0.25 
-0.25 
For HCl - Bromophenol blue sorbed zirconium oxide paper is 
used as an indicator. 
For CH-,COOH - Phenolphthalein sorbed zirconium oxide paper is 
used as an indicator. 
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TABLE - 5 . 2 
SIMULTANEOUS DETERMINATION OF HCl AND CH^COOH IN THE GIVEN MIX-
TURE USING METHYL ORANGE LOADED ON Z r P PAPER AND PHENOLPHTHALEIN 
LOADED ON Z r 0 2 PAPER. 
s. 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
For 
For 
AMOUNT TAKEN 
HCl(mg) 
14.72 
14.72 
14.72 
14.72 
11.78 
11.78 
11.78 
11.78 
17.67 
17.67 
17.67 
17.67 
20.62 
20.62 
20.62 
20.62 
23.56 
23.56 
23.56 
23.56 
HCl 
CH COOH -
CH^COOHCrag) 
30.30 
30.30 
30.30 
30.30 
36.36 
36.36 
36.36 
36.36 
24.24 
24.24 
24.24 
24.24 
18.21 
18.21 
18.21 
18.21 
12.12 
12.12 
12.12 
12.12 
-Methyl orange 
AMOUNT 
HCl(mg) 
14.85 
14.67 
14.67 
14.67 
11.67 
11.67 
11.67 
11.84 
17.85 
17.85 
17.68 
17.85 
20.51 
20.51 
20.51 
20.51 
23.51 
23.51 
23.16 
23.16 
FOUND 
CH^COOHCmg) 
30.26 
30.85 
30.85 
30.85 
35.79 
36.06 
36.06 
36.06 
24.44 
24.44 
24.73 
24.44 
18.33 
18.62 
18.33 
18.33 
12.22 
12.22 
11.93 
12.22 
loaded zirconium pho 
used as an indicator. 
Phenolphthalein loaded 
% ERROR 
HCl CH 
-0.88 
-0.29 
-0.29 
-0.29 
-0.57 
-0.57 
-0.57 
0.50 
1.07 
1.07 
0.05 
1.07 
-0.52 
-0.52 
-0.52 
-0.52 
-0.176 
-0.176 
1.69 • 
1.69 
^COOH 
0.13 
1.81 
1.81 
1.81 
-1.54 
0.82 
0.82 
0.82 
0.85 
0.85 
2.02 
0.85 
0.69 
2.25 
0.69, 
0.69 
0.825 
0.825 
-1.56 
0.825 
sphate paper is 
zirconium oxide paper. 
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TABLE - 5 . 3 
QUANTITATIVE ESTIMATION OF NaOH & NH.OH IN THE MIXTURES USING 
BROMOPHENOL BLUE AND PHENOLPHTHALEIN LOADED Zr02 PAPER. 
S . i^ MOUNT TAKEN AMOUNT FOUND % ERROR 
No. NaOH(mg) NH^OH(mg) NaOH(mg) NH^OH(mg) NaOH NH^OH 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 2 1 
1 7 . 2 1 
1 7 . 2 1 
1 7 . 2 1 
1 3 . 7 6 
1 3 . 7 6 
1 3 . 7 6 
1 3 . 7 6 
2 0 . 6 4 
2 0 . 6 4 
2 0 . 6 4 
2 0 . 6 4 
2 4 . 0 8 
2 4 . 0 8 
2 4 . 0 8 
2 4 . 0 8 
1 1 . 9 0 
1 1 . 9 0 
1 1 . 9 0 
1 1 . 9 0 
1 4 . 2 8 
1 4 . 2 8 
1 4 . 2 8 
1 4 . 2 8 
9 . 5 2 
9 . 5 2 
9 . 5 2 
9 . 5 2 
7 . 1 4 
7 . 1 4 
7 . 1 4 
7 . 1 4 
1 7 . 2 2 
1 7 . 2 2 
1 7 . 2 2 
1 7 . 2 2 
1 3 . 7 6 
1 3 . 7 6 
1 3 . 5 8 
1 3 . 7 6 
2 0 . 8 1 
2 0 . 8 1 
2 0 . 8 1 
2 0 . 8 1 
2 4 . 2 5 
2 4 . 2 5 
2 4 . 2 5 
2 4 . 2 5 
1 1 . 8 8 
1 1 . 8 8 
1 1 . 8 8 
1 1 . 8 8 
1 4 . 2 9 
1 4 . 4 4 
1 4 . 2 9 
1 4 . 2 9 
9 . 6 3 
9 . 4 8 . 
9 . 4 8 
9 . 4 8 
7 . 0 7 
7 . 0 7 
7 . 0 7 
7 . 0 7 
0 . 0 5 8 
0 . 0 5 8 
0 . 0 5 8 
0 . 0 5 8 
0 . 0 0 
0 . 0 0 
- 1 . 2 5 
0 . 0 0 
0 . 8 3 
0 . 8 3 
0 . 8 3 
0 . 8 3 
0 . 7 1 
0 . 7 1 
0 . 7 1 
0 . 7 1 
- 0 . 0 8 8 
- 0 . 0 8 8 
- 0 . 0 8 8 
- 0 . 0 8 8 
0 . 1 2 2 
1 .176 
0 . 1 2 2 
0 . 1 2 2 
1 .176 
- 0 . 4 2 
- 0 . 4 2 
- 0 . 4 2 
0 . 9 3 1 
0 . 9 3 1 
0 . 9 3 1 
0 . 9 3 1 
For NaOH 
For NH.OH 4 
- Phenolphthalein loaded zirconium oxide paper. 
- Bromophenol blue loaded zirconium oxide paper. 
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Case II - Precipitation titration in a mixture containing 
two component system : 
The simultaneous determination of Br /I and F has 
been carried out by (i) changing the titrant, and (ii) 
changing dye impregnated zirconium phosphate paper. The 
determination of I /Br is done at pH-3.6 using standard 
silver nitrate as titrant and eosin sorbed on impregnated 
ZrP ion-exchange papers as indicator. The determination of 
fluoride ions in the same solution is carried out by chang-
ing titrant as well as the indicator paper in the medium of 
pH-10 buffer. Eriochrome black-T sorbed' on ZrP ion exchange 
paper used as * indicator. A standard calcium nitrate 
solution is used as titrant. 
In another method F~ & Cl /F~ & Br~/F~ & I~ have 
been simultaneously determined by titrating F with standard 
aluminium nitrate solution using chrome azurol-S sorbed with 
zirconium phosphate paper in the medium of pH-5.6. The 
other component e.g.I /Br /Cl is determined by titrating 
with standard silver nitrate solution, using eosin sorbed 
with zirconium phosphate paper and making the medium more 
acidic, that is, decreasing the pH to 3.6 using 0.2M acetic 
acid. . 
The greatest advantage of using the impregnated paper/ 
cotton plug sorbed with dye indicator molecule is to provide 
a heterogeneous medium where the titrant and analyte are 
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diffused and react with dye molecule. Sometimes this 
environment makes the feasibility of reactant to act quanti-
tatively at the equivalence point which is sometimes practi-
cally impossible in a homogeneous medium. This view is 
clearly supported by the determination of CI against silver 
nitrate titrant using eosin as indicator. In the homogeneous 
medium the formation of AgCl, followed by weak adsorption of 
CI anions/ on its surface and their readily displacement by 
eosin anions (strong adsorption as compared to CI ions), 
makes the titration to be impracticable (9). 
However, the determination of CI ions has been 
found possible in heterogeneous medium using gel paper 
sorbed with eosin indicator. The results are reported in 
Table-5.8. The formation of AgCl particle on a heterogeneous 
support and thereby adsorption of free Cl~ ions rather then 
prebonded eosin anions, becomes more plausible. In other 
words, there is a competition between free Cl ions and pre-
bonded eosin anion (bonded by physically weak forces onto 
the surface of gel paper) to occupy the surface of AgCl 
particle, in which the rate of diffusion of Cl ions is much 
greater than the rate of diffusion of eosin anion. However, 
in each vicinity of equivalence point, a few eosin anions 
are able to reach or to exchange with Cl ions at the 
particle surface, thus produce a sharp colour change. This 
situation is exactly the same as for the determination of Br' 
and I in homogeneous medium is dene using eosin as an 
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TABLE - 5.4 
SIMULTANEOUS DETERMINATION OF I & F 
s. 
No. 
1. 
2. 
3. 
4. 
5. 
AMOUNT TAKEN 
I~(ingm) F (mgm) 
13.96 
13.96 
13.96 
13.96 
13.96 
2.0898 
2.0898 
2.0898 
2.0898 
2.0898 
AMOUNT FOUND 
I (m gm) F~(mgm) 
13.58 
13.58 
14.22 
14.22 
13.58 
2.0898 
2.0898 
2.0898 
2.0898 
2.0898 
% ERROR 
i" F" 
-2.7 
-2.7 
1.86 
1.86 
-2.7 
0.00 
0.00 
0.00 
0.00 
0.00 
Titrant - O.lM AgNO^ & O.IM CaCNO^)^ solutions 
Indicator - Eosin & EBT on zirconium phosphate paper & 
cotton plug respectively. 
TABLE - 5.5 
SIMULTANEOUS DETERMINATION OF Br & F 
s. 
No. 
1. 
2. 
3. 
4. 
5. 
AMOUNT TAKEN 
Br (mgm) F (mgm) 
8.4694 
8.469 
8.469 
8.469 
8.469 
2.09 
2.09 
2.09 
2.09 
2.09 
_AMOUNT 
Br (mgm) 
8.5493 
8.5493 
8.9413 
8.5493 
8.5493 
FOUND 
F~(m 
2.09 
2.09 
2.09 
2.09 
2.09 
gm) 
% 
Br 
0.94 
0.94 
0.57 
0.94 
0.93 
ERROR 
I 
0.00 
0.00 
0.00 
0.00 
0.00 
Titrant O.lM AgNO^ & O.lM Ca(N02)2 solutions 
Indicator Eosin on zirconium phosphate papers EBT on zirconium 
phosphate cotton plug. 
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TABLE - 5 - 6 
SIMULTANEOUS DETERMINATION OF F~ & l ' 
S. AMOUNT TAKEN 
No. F (rogra) I (mgm) 
AMDUNI FOUND 
F (mgm) I (mgm) 
% ERROR 
F" I ' 
1. 
2. 
3, 
4. 
5. 
6. 
7. 
8. . 
4.1796 
4.1796 
4.1796 
4.1796 
4.1796 
4.1796 
4.1796 
4.1796 
Titrant 
Indicator 
13.96 
13.96 
13.96 
13.96 
13.96 
13.96 
13.96 
13.96 
O.IM A1(N02)3 
Chrome azurol' 
zirconium pho: 
paper 
4.17196 
4.2761 
4.171196 
4.171196 
4.2201 
4.2201 
4.17196 
4.2201 
for F and 
13.9634 
13.9634 
13.9634 
13.9634 
13.580 
13.58 
13.9634 
13.58 
O.IM AgNO^ 
-0.76 
2.31 
-0.76 
-0.76 
2.31 
+ 2.31 
-0.76 
2.31 
for I~ 
0.024 
0.024 
0.024 
0.024 
1.86 
1.86 
0.024 
1.86 
-S on Eosin on zirconium phosphate 
sphate paper 
TABLE- 5.7 
SIMULTANEOUS DETERMINATION OF F & Br 
S. 
No, 
AMOUNT TAKEN 
F (mgm) Br (mgm) 
AMOUNT FOUND 
F~(mgm) Br~(mgm) 
ERROR 
Br' 
1. 4.1796 
2. 4.1796 
3. 4.1796 
4. 4.1796 
5. 4.1796 
6. 4.1796 
7. 4.1796 
8. 4.1796 
Titrant 0. IM 
8.469 
8.469 
8.469 
8.469 
8.469 
8.469 
8.469 
8.469 
Al-fNO^)-. 
Indicator chrome azurol-
zirconium pho; 
paper 
for 
4.172 
4.2381 
4.2381 
4.276 
4.2381 
4.276 
4.2381 
4.2381 
F~ & O.IM 
8.5493 
8.5493 
8.709 
8.5493 
8.709 
8.709 
8.5493 
8.5493 
AgNO^ for 
-0.764 
1.399 
1.399 
2.31 
1.399 
2.31 
1.399 
1.399 
0.94 
0.94 
2.83 
0.94 
2.83 
2.83 
0.94 
0.94 
Br Eosin on 
-S on zirconium phosphate paper for 
sphate Br"^ 
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TABLE - 5 . 8 
SIMULTANEOUS DETERMINATION OF F & CI 
s. 
No. 
1. 
2. 
3. 
< • . 
5. 
6. 
7. 
8. 
AMOUNT 
F (mgm) 
1.8998 
1.8998 
1.8998 
1,8998 
0.9499 
0.9499 
0.9499 
0.9499 
TAKEN 
Cl~(mgin) 
0.355 
0.355 
0.355 
0.355 
0.355 
0.355 
0.355 
0.355 
AMOUNT FOUND 
F~(irgm) 
1.8998 
1.8998 
1.8998 
1.8998 
0.9499 
0.9499 
0.9499 
0.9499 
Cl~(mgm) 
0.3634 
0.3545 
0.3545 
0.3634 
0.3634 
0.3545 
0.3545 
0.3545 
% ERROR 
F~ 
0.00 
0.00 
0.00 
-1.26 
0.00 
0.00 
0.00 
0.00 
Cl~ 
2.43 
0.00 
0.00 
2.43 
2.43 
0.00 
0.00 
0.00 
T i t r a n t -O.OIM A1(N02)3 f o r F 
I n d i c a t o r - Chrome a z u r o l - S on 
z i r c o n i u m p h o s p h a t e 
p a p e r f o r F 
O.OIM AgN03 f o r CI 
Eos in on z i r c o n i u m _ p h o s -
p h a t e p a p e r f o r CI 
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indicator that is the rate of diffusion of Br~ & I (they 
are more strongly adsorbed than eosin anion") is greater than 
the rate of diffusion of eosin to occupy the surface of AgCl 
particle. 
Case III - Complexometric titrations of mixtures containing 
two components: 
A quantitative determination of the following pairs 
of metal ions was carried out successfully: 
, „ +3 J ^ +2 
1. Fe and Ca 
2. Fe and Mg 
+ 3 +2 
3. Al and Mg 
In each of the above pairs the first metal ion was 
determined at lower pH, using specific dye sorbed 
paper/cotton as indicator followed by the determination of 
second metal ion at higher pH using another specific dye 
sorbed paper/cotton as indicator. For example, Fe was 
determined at pH-2 using Chrome azurol-S sorbed zirconium 
phosphate impregnated cotton plug as indicator followed by 
+2 the determination of Mg at pH-10 and EBT sorbed zirconium 
phosphate impregnated cotton plug as indicator' (Colour 
change of chrome azurol-S from blue to red at equivalence 
point was observed on cotton plug for Fe & colour change 
+2 
of EBT from blue to red at equivalence point for Mg was 
observed). The determination of the pairs of metal ions has 
been reported in Table-5.9, 5.10, 5.11. 
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TABLE - 5-9 
s. 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
SIMULTANEOUS 
iyVDUNT TAKEN 
+3 +2 Fe (mgm) Ca (itigm) 
0.2653 
0.2653 
0.2653 
0.2653 
0.2653 
0.2653 
0.2653 
Titrant 
Indicator 
S. 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
0.6613 
0.6613 
.0.6613 
0.6613 
0.6613 
0.6613 
0.6613 
0.0IM EDTA 
DETERMINATION 
for 
OF Fe"^ "^  & < 
AMOUNT POUND 
+3 +2 Fe (mgm) Ca (mgm) 
0.2680 
0.2680 
0.2680 
0.268 
0.2735 
0.2735 
0.2680 
Fe+2 & Ca""^  
0.6613 
0.6613 
0.6613 
0.6813 
0.6613 
0.6613 
0.6813 
both. 
Ca-^ 2 
% ERROl 
Fe^3 ca^2 
1.05 
1.05 
1.05 
1.05 
3.09 
3.09 
1.05 
0.00 
0.00 
0.00 
3.00 
0.00 
0.00 
3.00 
Chrome azurol-s on zirconium ^ EBT on zirconium 
phosphate cotton plug for Fe phosphate cotton 
at pH-2 Pl"g fo^ ^^ 
at pH-7.6 
SIMULTANEOUS 
TT^LE - 5.10 
DETERMINATION OF Fe"^ "^  and 
AMOUNT TAKEN 
r. +3 , . +2 , . 
Fe (mgm) Mg (mgm) 
0.0838 
0.0838 
0.0838 
0.0838 
0.0838 
0.0838 
0.0838 
0.51 
0.51 
0.51 
0.51 
0.51 
0.51 
0.51 
AMOUNT 
Fe (mgm) 
0.0871 
0.0871 
0.0891 
0.0871 
0.0841 
0.0871 
0.0871 
FOUND 
Mg''"2(mgm) 
0.51 
0.51 
0.51 
0.51 
0.51 
0.51 
0.51 
Mg 
% ERROR 
F+3 Mg+2 
3.93 
3.93 
0.358 
3.93 
0.358 
0\93 
3.93 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
Titrant - O.OIM EDTA for Fe"^ '^  & Mg"^ ^ both. 
Indicator - Chrome azurol-S on zirconium^3 * ^ '^^  ^ '^  zirconium 
phosphate cotton plug for Fe phosphate cotton 
at pH-2 plug for Mg at 
pH-lO 
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TABLE - 5.11 
SIMULTANEOUS DETERMINATION OF Al"*"^  AND Mg"*"^  
s.. 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
AMOUNT 
Al (mgm) 
0.630 
0.630 
0.630 
0.630 
0.630 
0.940 
0.940 
0.940 
1.260 
1.260 
1.260 
Titrant 
Indicator 
TAKEN 
Mg (mgm) 
0.510 
0.510 
0.510 
0.510 
0.510 
0.765 
0.765 
0.765 
1.02 
1.02 
1.02 
.OlM EDTA for 
Chrome azurol-
AMOUNT FOUND 
Al (mgm) Mg ( 
0.653 
0.647 
0.647 
0.663 
0.653 
0.963 
0.983 
0.963 
1.208 
1.290 
1.290 
^,+3 „ „ +2 Al & Mg 
0.510 
0.510 
0.510 
0.498 
0.510 
0.754 
0.754 
6.754 
1.031 
1.02 
1.02 
both. 
% ERROR 
,^+3 „ +2 Al Mg 
3.84 
2.84 
2.84 
5.33 
3.84 
1.97 
4.15 
1.97 
-4.06 
2.84 
2.84 
0.00 
0.00 
0.00 
-2.30 
0.00 
-1.51 
-1.51 
-1.51 
1.12 
0.00 
0.00 
- s orv zirconium & EBT on zirconium 
phosphate cotton plug at 
pH-5.6 for Al -^  
phosphate cotton 
plug at pH-10 for 
Mg 
203 
REFERENCES 
1. S.Z. Qureshi, M.S. Rathi and S. Bano, Anal. Chem., 
_4£, 1139 (1974). 
2. S.Z. Qureshi and M.S. Rathi, Anal Chem. 47,1424(1975) 
3. S.Z. Qureshi and Izzatullah, Z. Anal. Chem., 285, 265 
(1977) . 
4. S.Z. Qureshi and S. Anwar, Talanta, 2_6, 883 (1979). 
5. S.Z. Qureshi, Izzatullah and R. Bansal, Bull.Soc.Chim 
France, 279 (1979). 
6. S.Z. Qureshi and R. Bansal; Talanta, 2J^ , 881 (1979). 
7. W.E. Miller, Anal. Chem.. 301.' 1^62 (1958). 
8. M. Qureshi, S.Z. Qureshi and N.Zehra, Talanta 1^, 377 
(1972). 
9. I.M. Kolthoff and V.A. Strenger, "Volumetric Analysis" 
Interscience Pub.(1942) V.II, p.245. 
